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The genus Lupinus (Leguminosae), is native throughout 	 - 
the New World, the flediterranean region and isolatedaroas 
in N.Africa. Although lupine have considerable economic 
potential the taxonomy of the genus is confused. In the Old 
World this confusion is in part noinonclatural but some 
species are also morphologically very similar. In the New 
World the taxononic problems are even greater. There are 
fewer genetic barriers between species and a perplexing 
array of variation is found. 
The main aim of this thesis was to examine the 
relationships among Old World lupine and their relationship 
to the Now World species. The principal methods used wore: 
(1) Thin layer chromatography of seed alkaloids.(2) 
Polyacrylamide gel electrophorosis of seed proteins. (3) 
Scanning electron microscopy of seed coat surfaces. 
On the basis of the results from these studies four Old 
World species groups were recognised: 
Rough seeded lupine (3) Blue lupine 
Yellow lupine 	(4) White lupine. 
New World species were found to generally be more 
uniform although two groups could be distinguished from the 
majority of the speôiea on the basis of seed coat 
morphology viz: 
L.subvexus & L.densiflorus (= subgenus Platycarpos) 
the 36 chromosome species. L.subcarnosus. 
Additionally the seed coat of L.eubcarnoaus was similar to 
the Old World L.luteus suggesting a possible link between 
the two geographical groups. 
1 INTRODUCTION 
1.1 The Genus Lupinus 
The subject of the taxonomic studies reported in this 
thesis is the genus Lupinus (Leguminoaae). This is perhaps 
one of the most distinctive groups of plants and with their 
often showy flowering spikes and digitate leaves lupins are 
easily recognised by botanists and non-botanists alike. 
Lupin species occur throughout North and South America, 
the Mediterranean region and in isolated areas throughout 
Africa North of the Equator. They are also found in many 
other parts of the world where they have been accidentally 
or deliberately introduced by man, principally Central 
Europe, South Africa and Australia. 
The reasons for studying this genus are twofold, firstly 
they are of significant economic potential Yet(socondlY) the 
taxonomy of this genus is poorly understood. By way of 
introduction to this thesis these two aspects of the genus 
are discussed in the following two sections. 
1.2 The Economic Potential of Lupins 
To understand the economic potential of lupins it is 
worthwhile to first look at their history in cultivation. 
Gladstones (1970), roviewing this history, has shown that 
they have had, at different times in history, varying 
degrees of importance. 
Considering their greater importance, namely in 
primitive agricultural systems, lupine have a-number of 
advantages which make them suitable crops. They will grow 
they 
in sandy soils which although1are often infertile are among 
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the most easy to cultivate. Furthermore, on these types of 
soils they need no fertiliser treatments, indeed they 
improve the soil since, like other legumes, they harbour 
nitrogen fixing bacteria. The presence of the toxic 
alkaloids found in lupine is also not the obstacle it may 
seem. These alkaloids may protect the plant and its seeds 
from pests while boiling and steeping the seeds make them 
fit for human and animal âonsumption. Lupins have thus 
played an important part in early civilizations both in the 
New and Old World. 
In the Old World, Zhukovsky (1929) cites the discovery 
of L.albus seeds in 12th Dynasty Egyptian tombs (ca.2000 
BC) as evidence of their early cultivation. In the Greek 
and Roman civilizations lupins were extensively grown 
Theophrastus (d.214 BC) commented on them and Pliny (23-79 
AD) gave an extensive account of their cultivation both for 
food and for improving the soil in fields and Ykneyards.j 
Incidentally, in the light of this early evidence that 
lupine improved the soil it is perhaps ironic that their 
Roman name, the same as today's scientific name, is said to 
be derived because they were thought to 'prey' on the soil 
(Lupinus - Latin, a wolf). If this interpretation is true 
then perhaps the correlation between lupins and poor soils 
was misinterpreted. 
While L.albus was the lupin of cultivation in the Old 
World, in the civilizations of the New World L.mutabilis 
was grown. There is evidence of its use in the Nazca 
(100-800 AD) and Tiahuanaco (800-1000 AD) cultures of 
southern Peru but it reached its moot widespread 
cultivation during the Inca civilization (Gross & Baer 
1975) being grown throughout the extent of that empire. It 
is probable that it was used then, as it is today, 
primarily for human consumption (Castillo 1965) although 
used in crop rotations it also no doubt acts as a soil 
improver. 
Besides these two semi—domesticated species others have 
from time to time been utilised by man. L.diitatus has 
also been found in Egyptian tombs (Zhukovsky 1929) and the 
large size of the seeds in this species and in others 
suggest that they may have been subject to.artificial 
selection in prehistoric agriculture. Much later, 
L.pilosus was introduced into Canada (Cornut 1635) and 
L.cosentinii into Australia (Gladatonee 1969) both as 
potential crop plants although their use did not persist. 
L.angustifolius and L.luteus have also been grown on a 
limited scale (Klinkowski 1938; ?4erino 1905). 
Generally, however, with the advent of efficient ploughe 
and the use of fertilizers lupine were replaced by other 
pulses which, given those factors, were easier to cultivate 
and did not have a toxicity complication. Thus modern 
cultivation has, until a few years ago, concentrated on 
using lupine as a green manure and as sheep fodder. The 
species involved have been L.albus, L.angustifolius and 
L.luteua. Since these species, with the exception of 
L.albus, are effectively wild plants, breeding programs 
have been aimed at creating the basic requirements for a 
C] 
crop plant, These requirements are rapid 	atur-, low 
alkaloid plants with permeable seeds and non-shattering 
pods. Even L.albus, although apparently in continuous 
cultivation for 4000 years, did not until a few years ago 
have early maturing, low alkaloid varieties. The first 
cultivars to appear with the above characteristics were for 
L.albua - Nahrquel]. in 1949, for L,luteus. - Weiko III in 	 - 
1951-52 and for L.anustifolius - Uniharvest in 1967. 
While the species mentioned above have received the 
greatest attention the potential of L.cosentinii and 
L.mutabilis as mOdern crop plants is also being 
investigated (Gladstones 1970) 
Other than those areas where lupine persist in peasant 
agriculture the main areas of cultivation are the USSR, 
Poland and S.Africa and to a lesser extent Australia and 
the USA. Cultivation, at least on a trial scale has been 
attempted in many countries including Britain (Masefield 
1975) but as the crop is still rylly at an early stage of 
development success with lupine has been limited. 
Despite this limited scale of cultivation interest in 
the economic potential of lupine has never been as great as 
it is now for two reasons: 
Firstly, the species at present in cultivation compare 
favourably, in many characteristics, with other grain 
legumes such as the soya bean and groundnut (Gladatonea 
1970). With respect to oil content, protein content and 
quality, that is amino acid content, lupine are comparable 
and in some cases superior (Castillo 1965) to other 
commonly used animal and human vegetable feedstuufs. The 
high protein contents are particularly interesting as it 
has been predicted that the growth -in demand for high 
protein feedatuffs will outstrip that for any other 
agricultural product (FAO 1969). 
Secondly, as mentioned previously, the cultivated lupine 
are adapted to sandy soils of low fertility. As there are 
large areas of the world which have soils of this type and 
which are underexploited, the prospect of introducing a 
high yielding crop into these areas is especially exciting. 
Lastly it should be borne in mind when considering the 
v6t 
economic potential of lupine that the species currently 
being cultivated are, compared with most other crop plants, 
only at the beginning of the domestication process. Thus 
major improvements in yeild and quality are potentially 
still to come. Furthermore, there are many other species 
of lupin growing in a wide range of habitats which could 
also be domesticated or their characteristics possibly used 
in the breeding programmes of other species. 
1.3 Taxonomic Problems in Lupinus 
Although as a group lupine are easily recognised, within 
the genus there has been little agreement on how the 
species may be classified sub-generically or even on what 
constitutes a species. Estimates of species number vary 
from about 100 (Hutchineon 1964) to about 1000 (Smith 
1938). Even the most recent attempt to produce a stable 
nomenclature at least for the European species (Franco & 
Silva 1968b) has already been contested (Gladatones 1974). 
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In short there have been as many different classifications 
of Lupinus as there have been taxonomists studying them. 
These confusions and controversies have arisen for many 
and fundamentally different reasons in the Old and New 
World. In the Old World, taxonomic treatments have 
suffered from a continual nomenclatural confusion and a 
proliferation of synonyms caused by mistakes in recognising 
the effects of cultivation and in deciphering the intent of 
previous taxonomists. On the other hand the taxonomic 
difficulties with New World lupine arises from a much more 
difficult problem, biological rather than man made. In 
contrast to the Old World species there are fewer genetic 
barriers between species so that hybridization is a 
commonplace event (Dunn & Gillet 1966). This hybridisation 
with Its resulting taxonomic complications has apparently 
been enhanced since the arrival of Europeans in North 
America. Numerous species are successful colonisera of 
road and railway banks and many lupine spread in this 
manner (Dunn 1957) so that species which are normally 
geographically isolated may meet and hybridize. 
Conversely, many species occupy very specific ecological - 
niches (Cox 1975) so that many populations morpho]ogically 
very similar but ecologically distinct have been described 
under many different names. 
1.4 Thesis Approach 
The main questions to which the studies reported in this 
thesis were addressed, at least initially, were: (1) What 
are the relationships among the Old World lupins and (2) 
What is their relationship to the New World lupina, The 
main lines of approach have been cheinosyatematic because, 
as will be shown, these studies have already contributed to 
an understanding of Lupinus taxonomy and could contribute 
more in a genus where classical, morphological approaches 
have often resulted in confusion. 
1.5 Identification of Material 
Appendix I lists the seed accessions and their source 
but not all this material was used in the study. 
Firstly,thoae accessions in which the seeds failed to 
germinate were excluded from the atudy as the material 
could not be grown for identification and because the 
possible reasons preventing the seeds from germinating 
could also give rise to anomalous results when testing for 
seed proteins or alkaloids. The remainder of the material 
was grown in experimental plots, specimens collected and 
their identification checked against specimens in the 
herbarium of the Royal Botanic Gardens, Edinburgh (E). 
While the species of Old World origin could be identified 
in this way it was not always possible with New World 
species as reliably named specimens for all the material 
did not exist. In some instances distinctive species could 
be identified using identification keys but for several of 
the species, especially those from Central and South 
America, this could not be done. Thus these accesajonhave 
also been excluded from the_study. 
Voucher specimens for each accession of the species used 
in this study will be deposited in Merseyside County Museums 
(LIV). 
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Finally most of the ahrubby, non-lupin genera did not 
grow sufficiently, during the time growing plots were 
available, for reliable identifications to be made of the 
species. 
2 THE TAXONOMY OF THE GENUS LUPINUS: AN HISTORICAL REVIWj 
In the account of the taxonomic history of Lupinus which 
follows New and Old World species are treated separately 
for two reasons, 
Only rarely has any taxonomic treatment considered 
both Old and New World lupine together. 
The confusions and controversies in the treatments 
of Lupinus arise primarily for different reasons 
in the Old and New World. 
2.1 Old World Lupine 
To steer a path through the tortuous taxonomic history 
of the Old World lupins it will be help to divide this 
history into three phases. 
The renaming and rediscovery of lupina known to pro- 
Linnacan taxonomists. This phase began with 
Linnaeue (1737) and ended with Boissier and Reuter 
(1842). 
The discovery of species new to science, beginning 
with Forakal (1775) and ending with Gladatones 
(1974) 
The assigning of species into groups within which 
are known or supposed phenetic or phylogenotic 
relationships. This phase has continued from the 
work of Agardh (1835) to the present day. 
Superimposed upon these three phases has been a 
continual nomenclatural confusion and proliferation of 
synonyms caused by mistakes in recognising the variability 
of some species and in deciphering the intent of earlier 





* 	a a 	 * 	* 
ANG - L.angustjfoljua L. 
HIS - L.hispanicua Boiss, & 
taxonomists. 
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2.1.1 The rediscovery of European lupins 
2.1.1.1 Pre-Linnasan writers 
Considering human interest in the agricultural and 
herbal properties of lupins since classical times it is 
perhaps not surprising that all the lupin species having a 
European distribution were recognised at one time or 
another by a number of pre-Linnaean writers. Indeed the 
authority for the genus Lupinus is often ascribed to 
Tournefort rather than to Linnaeus. The principal 
pre-Linnaean works containing references to lupins are 
shown in Table 2.1 below. 
Table 2.1 Pre-Linnaeari citations to Lupinus species. 
Pre-Linnasan author Binomial to which a polynomial 
citation may be referred 
ALB ANG LUT HIS MIC PIL COS 
Bauhin (1623) 	 * 	* 	* 
Bauhin (1651) 	* 
Morison (1680) 	* 
Ray (1686) 	 * 
Tourneforte (1719) 	* 
Abreviationa and symbols 
ALB - L.albus L.  
LUT - L.luteua L. 
Reut, 
MIC - L.micranthus buss, 	PIL - L.piloaus !durr. 
COS - L.cosentinii Gussone 
• indicates author has described this species, 
2.1.1.2 Linnaous' treatment of European lupine 
Many of the nomenclatural problems concerning the 
European species are founded in their taxonomic treatment 
by Linnaeus. It is worthwhile therefore to trace the 
development of Linnaeus' concept of this group of species 
from Hortus Cliffortianus (Linneus 1737) to Species 
Plantarum (Linnaeus 1753) and afterward. 
In the text of Hortus Cliffortianus, page 359 Linnaeus 
describes two species. The first, Lupinue caule composito 
is clearly referable by its diagnosis and synonymy to that 
species now known as L.albus L. in edition 1 of Species 
Plantarum and thereafter. The second, Lupinus caule 
aimplici ramoso is far from straightforward. It is, more 
or less, an aggregation of all the wild lupine known to 
Linnaeus as opposed to L.albus L. the cultivated ]upin. 
The full description and synonymy given by Linnacus is as 
follows. 
Lupinus oaule simplici ramoso 
Lupinus sylvestris, flore caerulo. 
Bauhin (1623); Boerhaavo (1720) 
Lupinus sylvestrja flore purureo, semine 
rotundo-varjo. Bauhin (1651) 
0?. Luinus sylvestris. flore subrubente. Tournefort 
(1719) 
3. Lupinus anjustlfo1iva, caerulua-olatjor. Ray (1686) 
3'. Lupinue sylvestris, flore luteo. Bauhin (1623) 
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Lupinus flora luteo. Rivinus (1691) 
The letters A,B and C are used here to indicate 
Linnaeua' varieties Alpha, Beta and Gamma respectively. 
In the appendix (page 499) of Hortue Cliffortianus 
Linnaeua radically altered this diagnosis excluding 
varieties A,B and C and adding Lupinus sylvestris 
anustifo1ius Morison (1680) as a synonym. The species is 
now, with only minor modification, that diagnosed as 
L.varius L. in edition 1 of Species Plantarum. The 
diagnosis and synonymy accompanying this species, 
especially the reference to Lupinus sylvestris flore 
purpureo, semine rotundo—vario Bauhin (1651) which contains 
an unequivocal illustration makes it clear that a form of 
L.angustifolius L. is being described here. 
Variety C was raised to specific status namely Lupinus 
calycibus verticillatus, labio inferiore trifido. This is 
clearly L.luteus L. of Species Plantarurn edition 1 and 
thereafter. 
A fourth species was also added and this again has been 
the source of intermittant confusion. The ambiguous 
diagnosis and synonymy accompanying Lupinus calycybus 
inferiors integerr'itno indicates that Linnaeus had confused 
the two species L,micranthus Gusa. and L.pilosus rurr., 
Lupinus peregrinus major vel villosus coerulus malor Bauhin 
(1623) and Lupinus caerulus vilosus Bauhin (1620) are 
referable to L.pilosua Murr, while Lupinus exoticus 
hirsutissimus Bauhin (1651) and Lupinus medius cacrulus Ray 
(1686) are equally clearly referable to L.micranthus Guss. 
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The four species listed in the appendix of Hortus 
Cliffortianus and their equivalent binomials in Species 
Plantarum edition one are thus: 
Lupinus calycibus alternia appendiculis 	(L.albus) 
Lupinus calycibus alternia untrique appendicularis 
(L.variva) 
Lupinus calycibus verticillatus, labto inferiore 
trifido 	(L.luteus) 
Lupinus calycibue verticillatua, labio inferiore 
inteerrimo 	(L.hirsutua) 
These polynomials are listed with only a minor 
modification to that for L.albus L. in Hortus Uppaa],ensis 
(Linnacus 1748). However, changes were made to the 
synonymy accompanying the two problem species. Lupinus 
sylveatris angustifolius Mona (1680) is excluded from from 
the synonymy of L.variuo L. This foitshado,s the changes to 
appear in Species Plantarum edition 1 
Lupinus medius caerulus Ray (1686) is excluded from the 
synonymy of L.hirsutus L. and even more confusingly the two 
synonyms referable to L.pilosus Mum, are combined thus: 
Lupinue peregninus major villosus caerulus major Bauhin 
(1623); Bauhin (1620). These changes do not therefore 
alter the ambiguous prologue of this species. 
Species Plantarum edition 1 (Linnaeuo 1753) follor:s the 
description givon in Hortus Uppsalensis and in the appendix 
to Hortus Cliffortianus with the binomiale added. Those 
four species now named L.albus L., L.lutous L., L.vanius L. 
and L.hirsutus I. respectively are joined by L.perennis L. 
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an American species and L.anguatifolius L. 
The synonymy of L.anguotifolius L. indicates that it is 
the variety B in the Hortue Cliffortianus text account of 
'wild lupin'. Additionaly the synonym Lupinus sylvestris 
Mona (1680) reappears here. Thus it is clear that 
Linnaeus attempted, as did many later authors, to 
distinguish between the wild type (L.varius L.) and the 
larger, cultivated type (L.angustifolius L.) of the same 
species. This can finally be demonstrated in Mantissa 
Plantarum (Linnaeus 1771) where the diagnosis for both 
species includes Ifolia lineania' a characteristic only 
found in L.anguatifoliuG L. 
The confused treatment of L.hirautua L. appearing in 
edition 1 of Species Plantarum is resolved in edition 2 of 
that work (Linnaeuo 1763). Here the diagnosis is amended 
to bring it into line with that species called L.micranthus 
Guas, throughout this thesis. 
2.1.1.3 Problem species 
Despite the evidence outlined above indicating that 
L.varius L. represents a form of L.angustifolius L, the 
epithet varius has been applied to the following taxa: 
L.albus L. 	 Lojacono (1891) 
L.micranthus guss. Reichenbach (1832) 
L.coeentinii guss. Caruel (1894); Bonnet & Barrate 
(1896); Reichenbach & Reichenbach 
(1903); Gardner & Bennets (1956); 
Hanelt (1960); Franco & Silva 
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(1968a,b); Kazimieraki & 
Kazimierska (1970) 
L.digitua Forskal Franco and Silva (1968a 1968b) 
L.piloaus Hurl'. 	Kniphof (1761)0 Gaertner (1791), 
St Hilaire (1809), D'Urv (1822), 
Franco & Silva (1968a,b), 
Chamberlain (1970) 0 Zohary (1972) 
There are plausible reasons for this confusion: 
Misidentification. This would seem to be the only 	 U... 
reason for confusing L.albus L. with any other species of 
lupin. 
b. 
Reference to Linnaean specimens. Of the two 
specimens in the Linnaoan Herbarium (LINN) labelled 
L.varius, one is a pink flowered form of L.piloaus Murr. 
and the other L.micranthus Guss. (Gladstones 1974). 
However those specimens date from the period between 
publication of editions 1 and 2 of Species Plantarum and 
thus they could not be the basis of the description of 
L.varius L (1753). Nevertheless, by the arbitrary course 
of selecting the L.pilosus Murr. specimen as the type 
L.varius then equals L,pilosus Murr.. This appears to be 
the thinking of Franco and Silva (1968a,b) who, considering 
also L.pilosus Murr., L.cosentinii Guss. and L.digitatus 
Forak. to be conapecific bring all these species together 
thus: 
Lvarius L. 
asp varius Franco & Silva 
syn. L.cosentinii Guas. 
ssp orientalia Franco & Silva 
syn. L.pilosus ?4urr., L.digitatue Forsk. 
Their conclusions seem odd to me not only because the 
morphological and cytological evidence suggests the three 
species are distinct (Gladetones 1974) but also 
.cosentinjj Gusse is chosen as the type form of L.variva 
L. sensu Franco & Silva. 
By a similar process it is also possible to detect 
confusion between L.hirsutus L. and L.varius sensu 
Reichenbach ( 1832). 
3. Another source of confusion siems from the inclusion 
of L.semiverticillatus Dear.(1791) as a synonym of L.variu 
L. by Ii11danow (1803) and Do Candolle (1825). The 
description of L.semiverticillatue Desr* approaches that 
for the species more completely described as L.cosentinii 
Gusa, (1828). The reasons for the inclusion of 
L.semiverticillatus Deor. in Species Plantarum edition 4 by 
Willdenov are not clear but, in following suit, Do 
Candolle's confusion of L.eosentinii Guseo with wild forms 
of L.anguatifolius L. that is L.varius L. can clearly be 
seen from the diagnosis and synonymy he gives. The 
diagnosis differs from that of Linnaeus ( 1771) in that the 
leaflets are described as oblong rather than linear, as in 
L.cosentinii Guss. but the description of the leaflets 
being villous on the underside only describes 
L.angustifolius L. Also ,the distribution cited for 
J.1.semiverticillatus Dear, is that of L. angustifolius L. as 
L.cosentinii Gusse is not found on mainland France. Do 
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Candolle's confusion is best exemplified by noting that he 
accepted Lupinus sylVeStris purpureo flora aernine rotundo 
vario Bauhin (1651) as referring to L.varius L. 
(L.coaentinii Guaa.) but apparently rejected the 
accompanying illustration which is clearly L.anguetifolius 
L. 
This L,variva L., aensu Be Candolle, appears to have 
perplexed later writers. Agardh (1835) considered it close 
to L.pilosus Murr., having already treated L.cosentinii 
Guas as a probable synonym of L.pilosuo Murr.. Still later 
L.coaentinii Guas. became fully synonymous with L.varius L. 
and possibly Franco and Silva (1968a,b) reached their 
conclusions by this route. 
In view of this history it is not surprising that 
Gladatonea (1974) has proposed the rejection of L.varius L. 
as a nornen confusum. 
Similarly he has proposed the rejection of L.hirsutua 
L. and prefence of L.nicranthus Guas. Gladatones 
supporting evidence is that, as described earlier, 
L.hirsutut3 L. was ambiguously described in edition 1 of 
Species Plantarum and could refer either to Lomicranthus 
Guss, or L.pilosus Murr.. In edition 2 of that work this 
diagnosis was changed to accurately describe L.micranthua 
and while most later authors used this text as their 
Linnaean source (Steam 1957) some have interpreted 
L.hirsutua L. as L.piloaus Murr. (Reichenbach & Reichenbach 
1903; Hegi 1923; Bailey 1924). 
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2.1.1.4 L.pilosus Murr. and L.coao rtinii Guss. 
While, as indicated in section 2.2.1.1, these species 
were known to pre-Linnacan writers they did not appear in 
the literature until several years after the start of 
binomial nomenclature. 
In the case of L.piloaua Murr. this is in spite of the 
fact that the species was known to Linnaeus, as indicated 
by his confusion of this species with L.hirsutus L. 
(L.inicranthua Guas.). However, apart from the occasional 
subsequent confusion with L.micranthus Gusse as indicated 
above, the name L.pilosua Murr. has been generally accepted 
by taxonomists. 
As has been stated before the first apparent 
post-Linnaean references to L.cosentinii Gusa, appear as 
L.aemiverticillptus Dear. (1791) and its subsequent 
confusion with L.varius L. (De Candolle 1825) has already 
been discuased. Therefore authority for this species is 
accredited to Gussone (1828) who described it accurately, 
validly and legitimately from Sicilian material. The 
status of L.cosentinii Guss. as a upecies distinct from 
L.pilosus Murr, and/or L.diRitatus Forak. has received only 
partial acceptance by taxonomists. It was accepted by 
Tenore (1830), Bertolini (1847), Cesati et al (1861), 
Colmeiro (1886), Coutinho (1913), Maiheiros (1942) and 
Gladatones (1974). On the other hand as well as it 
treatment by Franco and Silva (1968a,b) mentioned earlier 
it has been treated follows: 
L.pilosus asp coaentinii (Gusa.) Rouy & Fouc (1897); 
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Briquet (1913) and JahandLe. & Mairo (1932) 
L.pilosus asp digitatus Fiori and Paol (1899); 
/ 
Fiori (1925) and Zhukovsk.> (1929). 
Archangeli (1882, 1894) first rejected then accepted the 
name while Gladatonea (1958 9 1972) did the opposite. 
2.1.1.5 L.hiapanicua Boles. & Reut. 
It is perhaps surprising that this species took so 
long to return to the mainstream of botanical literature. 
The earliest reference appears to be in Pinax Theatri 
Botanici (Bauhin 1623) where a note accompanying the 
polynomial Lupinus sylveotrie flore caerulo 
(L.anustifo1iva L.) is made: "Flos ox purpura caerulua aut 
subrubene vel rpseo colore ruffoscons". Tournefort (1719) 
later named two' species based on this description: Lupinus 
sylvestrie f lore subrubente and Lupinus sylvestris roseo 
cobra. The first of these was then cited in synonymy for 
var.A of Lupinus caule simplici ramoso in the text of 
Hortus Cliffortianus (Llnnaeue 1737). Linnaeus then seems 
to have forgotten about this species and Lupinus sylvostris 
flora subrubonte was mentioned only once more (Quer 1784) 
before Boissier and Router cited this polynomial in the 
synonymy of their L.hispanicus Boiss. & Rout. (1842) 
2.1.2 The Discovery of Species New to Science 
2.1.2.1 African lupins 
With the opening up of Africa and the Middle East to 
botanists the full circum-Mediterranean distribution of the 
European species became known. In addition, several 
species were described for the first time. These are: 
L,digltatus Forakal (177) 
L.palaestinus Boissier (1849) 
L.forskhalei Boissier (1849) 
L.somalionsis Baker (1895) 
L.princei Harms (1901) 
L.taasalicue Maire (1933) 
L.luthereaui Mair'e (1935) and 
L.atlanticus Gladatones (1974). 
These species have not been subject to anything 
resembling the confusion surrounding European lupins. This 
is probably a result of a) their rare appearance in 
taxonomic literature and b) their more complete original 
descriptions by late 19th and 20th century writers. 
However the lack of herbarium specimens and information on 
some of these species has meant that opinions on their 
status have had to be tentative, for example Gladatones 
(1974) considers that L.taasalicus Maire and L.luthereaui 
Maire are probably conspecific with L.digitatus Forsk. 
Plitmann (1981) however accepts L.tassalicus Maire as a 
good species but is unsure of the status of L.digitatus 
Forek, and L.somalienais Baker, Additionally L.digitatus 
Forako being by far the earliest of those species to be 
described has had the almost inevitable fate of being 
confused with the European species it resembles namely .  
L.pilosusMurr. (Agardh 1835) and L.cosentinii Guas. 
(Lojacono 1891). Those errors have persisted to the 
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present. day (Franca and Silva 1968a,1968b). 
The other members of this group have not, apparently, 
been confused with any other species in the literature 
although wrongly determined specimens often occur. Indeed 
L.atlanticus Gladatonos was described from material already 
collected as either L.pilosua Murr. or L.varius L. 
(=L.coaentinii Guss.) 
2.1.2.2 The proliferation of synonyms of L.anguatifoliva L. 
and L.albua L. 
Although the proliferation of synonyms of 
L.angustifolius L. and L.albus L. may be considered as part 
of the first phase it is considered here as it coincides 
chronologically with the discovery of the Middle-East and 
African lupine and the species named were no doubt 
considered as new discoveries by their authors. 
As was stated before, many post-Linnaean writers, as 
did Linnaeus himself with L.varius L., tried to distinguish 
between the cultivated and wild types of L.anguatifolius 
L. The first, L.linifolius Roth (1787) and second, 
L.reticulatus Deevaux (1835) of these wild type 
L.angustifolius L. were accepted by a significant number of 
botanists. Additionally Boissier, who was apparently very 
confused by the variation in L.angustifolius L. that he 
found in the Eastern Mediterranean, recognised 
L.leucospermus Boise. (1849) and L.philistaeus Boisa. 
(1849). Other wi1&types were named as L.cryptanthua 
Shuttleworth ex Campbell (1872), L.opaianthus Atabekova & 
1aissuryan. (1968) 
Most recently however the work of lupin breeders such 
as Mikolajczyk (1963) has shown that the main differences 
between wild and cultivated types, namely plant and seed 
size are due to the action of a single gene, as are seed 
and flower colour variations (Hackbarth 1957; Gladstones 
1958). Thus Frartco and Silva (1968a,b) treated 
L.reticulatus Desv. as a subspecies of L.angustifolius L. 
and (.azimierski (1964) treated L.cryptanthus Shuttlw.ex 
Campb. as a variety of L.angustifolius L. 
Considering this evidence, and the fact that all the 
types are fully interfertile (Kazimieroki 1964), Gladatones 
(1974) has stated that even to distinguish varieties is 
unjustified. 
In parallel to the situation in L.angustfolius L. a 
profusion of names referable to the, wild type of L.albus L. 
has been produced. However the most widely used synonym 
L.termis Forek. (1775) has a different origin. Its 
distribution was originally cited as the I4ile delta and 
L.termis For.ak. has been subsequent1y decribed from Syria, 
Palaestine, N.Africa, Madeira, France and Italy but in all 
those areas L.termia Forek. is recorded as being found only 
in cultivation, or as a short lived escape. The wild type 
of' L.albua L. does not appear in these regions so it seems 
that L.termis Forek. is a cultivar which differs only from 
the typically cultivated form in having the corolla tinged 
with blue. 
As stated above the naming of other L.albus L. 
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synonyms exactlyparallels that of L.angustifolius L., 
smaller plants with smaller, coloured seeds were recognised 
as L.graecus Boiss. & Sprun. (1843), L..jugoslavicus Kazim. 
& Nowicki (1961) and L.vavilovi Atab. & Maiss. (1962). 
Again in the light of experimental breeding 
(Kazimierski 1964) these species are now known to be fully 
interfertile, their distinguishing characterisics 
segregating according to Mendelian law. However in 
contrast to his treatment of L.angustifolius L. Gladstones 
(1974) recognised the wild types under L.albus var graecus 
(Boise. & Sprun.) Gladetones on the basis that the wild and 
cultivated types do not fully intergrade, the wild types 
having an initially rosetted growth form as well as the 
flower and seed differences. Franco and Silva (1968a,b) 
treated the wild type as a subspecies L.albus Sep graecus 
(Boise. & Sprun.) Franco & Silva. 
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2.1.3 The Classification of Old World Lupine 
2.1.3.1 Agardh's Synopsis Generis Lupini 
In 1835 Agardh published Synopsis Generis Lupini the 
first and so far only world-wide monograph of the genus 
Lupinus. Prior to this no sub-generic classification or 
keys to species, by which taxonomic intentions could be 
judged, with one important exception, were produced. The 
polynomials of Species Plantarum (Linnaeus 1753,1763; 
Willdenow 1803) could be used as a key but like later 
artificial identification keys they cannot be used to 
decipher any classificatory intent. Agardh however keyed 
out seventy-six species divided into twelve sub-generic 
taxa he called Tribes with an additional seven species 
inquirende. 
The important exception noted above was Hooker's Flora 
Boreali Americana (Hooker 1840). The section of this work 
containing Lupinus was published in 1834 and Agardh based 
his monograph largely on this treatment, modifying Hooker's 
keys to accommodate the South and Central American and Old 
World lupine. Of these twelve Tribes diagnosed by Agardh 
only the first four contained Old World species. These 
tribes and their member species are: 





B Tribe Pilosi 
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5. L.hirsutiesimus Bentham 
6. L.bracteolax'is Dear, 
7. L.hirsutus L. 
8. L.concinnus Agardh 
9. L.pilosus Murray 
10. Lvarius Le 
11. L.aureua Agardh 
C Tribe Albi 
12. L.lindleyanus Agardh 
13. L.albus L. 
14. L.termia Forakal 
159 L.rnutabilis Sweet 





It is worth following Agardh's discussion on the Old 
World species as they clarify his taxonomic decisions and 
give an indication of the changes to be introduced by later 
authors. 
1. L.luteus L. caused Agardh no problems in his decision 
that it should etand apart from the other European lupine 
as it is the only Old World species with golden yellow, 
fully verticillate flowers. 
7 L.hirautua L. Agardh had not seen any specimens of 
L,micranthua Guss. but considered it probably synonymous 
with L.hirsutus L. Nevertheless he thought that if it did 
prove to be a separate species it would have to be renamed 
as he gave priority to L.micr'anthua Douglas (1829) 
(=L.polycarpus Greene 1886).. Thus in doubt, he quoted 
Gussone's description under the name L.guasoneanus Agardh, 
L.piloaue Murray (as L.piloaus L.). As in the case of 
L,hirsutus L. - L.micranthus Guss. Agardh was unsure of the 
status of L.cosentinii Gusa, so he again simply quoted from 
Gussone (1828). y..digitatus Forskal ( 1775) he treated as a 
synonym of L.pilosus Murray. 
L.varius L. Agardh considered that this species was 
very close to L.pilouua Murray and could only be 
distinguished from that species with difficulty. He is 
thus considering L.varius L. as a form of L.cosentinii 
Guss. (Cf. De Candolle 1825) but Agardh admits the 
description and synonymy of L.variva L. in the first two 
editions of Species Plantarum are referable to 
L.angustifolius L. 
L.albus L. Like L.luteus L. Agardh had no difficulty 
in the diagnosis of this species. 
t.termis Forakal. Agardh was again in some doubt as to 
whether this species was distinct from L.albuo L. but in 
this case he decided that the differences merited the 
specific status of L.termia Forak. 
L.anguatifolius L. Again no probleme recorded. 
L.linifolius Roth Agardh states " In every respect 
this species is most similar to the preceding 
(L.angustifolius L.) and can be distinguished only with 
great difficulty. 
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These tribes, with respect to the mix of Old and New 
World species, are thought to be artificial (Nowacki & 
Prus-Glowicki 1971) but with respect to the relationships 
among the Old World species they reflect closely the 
opinions of recent authors (Nowacki & Prua-Glowc&cki 1971; 
Gladetones 1974). The one exception is that L.micranthus 
Gusa. is now placed in a monotypic group. It is also worth 
noting that the species about which Agardh had his doubts 
have, with the exception of L.coaentinii Gusa.- L.piloaua 
Murray - L.digitatua Forak., have been reduced in synonymy 
by the same, later authors. Agardh also mentioned three 
other species having an Old World distribution. The first 
of these, L.integrifolius from S.Africa was classified with 
the New World unifoliolate lupine but nothing is known of 
this species other than it is probably not a lupin. The 
other two species were placed with the species inquirende. 
L.cochinchensia Lour from Bengal and Indochina is now 
classified as Crotalaria retusa (L.) Do Candolle and 
L.africanus Lour* is probably also a Crotalaria (Baker 
1926) 
2.1.3.2 Lupinus in floras and in Zhukovsky's monograph 
During the ninety-four years between Agardh (1835) and 
Zhukovsky (1929) no monographs appeared on Old World 
lupina. Several floras however included revisions of 
Lupinus. Mona (1837) discovered that L.hirsutua L. 
(=L.micranthus Guss.) had smooth seeds thus, in effect 
removing it from Agardh's Tribe B Pilosi charactenised by 
scabrid seeds. Bertolini (1847) gave very complete 
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descriptions for L.cosentiflii Guse.(as a species distinct 
from L.pilosus Murray), L.termis Forak.., L.albue L. 
L.hirsutua L., Langustifo1ius&afld L.lutousL. 
In Flora Orientalis, Boissier (1872) recognised ten 
species divided into two groups. The first contained the 
tuborculate-scabrid seeded species: 
1.. L.pilosua Murray. 
2e L.digitatus Forek. with L.coaentinii Gusse as a synonym. 
3. L.palaeetinue Boise. 
4, L.hispaniTcus Boise. & Rout. Boisier included this 
species in this group as its seeds are tuberculate but 
Boissier realised that its closest affinity was with 
L.luteus L. which was not covered in his flora. 
Boissier's second category was the smooth seeded 
lupine. These included: 
L.hirsutus L. with L.micranthus Gusss as a synonym. 
Boissier did not consider the basis for the original 
differentiation of these spocies sufficient, the smaller 
more prostrate plants being called L.micranthus Gusa., 
L.anustifoliva L. Boissier, as mentioned earlier, was 
very confused by the variation in L.anuatifolius I.. and 
this this work he also recognised 
L.roticulatua Deav.(1835) with L.linifoliu.s Roth.(1787) 
as a synonym. 
L.reticulatua var philisteus (Boiee.)Boiae. with 
V 




10. L.raecus Boise. & Sprun. (1643). 
Boietaier'a Flora Orientalls remained for many/years the 
most authoritative account of Lupinue. Merino (1905b) 
recognised a new variety of L.hispanicua Boise. & Rout. 
Originally he had described this variety as L.luteus var 
bicolor r4erino (1905a) but almost immediately revised this 
to L.hispanics var bicolor Merino (1905b). He diagnosed it 
from typical L.hispanicus Boise. & Rout. by its smaller, 
smoother seeds, cream versus violet flower colour and by 
the leaflets having sparsely villous margins on the upper 
side. 
Zhukovsky's (1929) monograph was the most complete 
monograph on Old world Lupine until Gladatones'. However he 
attempted no taxonomic revisions, basically collecting and 
collating previous works* the species he recognised were: 
L.albus L. 
L.raecus Boise. & Sprun. 
L.angustifoliue L. 
L.hirsutus L. 
L.hispanicus Boise. & Rout. 
L.piloaue sop pliosus Murray 
sep digitatus Fiori & Pool 
7, L.palaestinus Boles. 
8. L.somaliensis Baker 
As can be seen the only variation from Boissier's 
nomenclature was in the treatment of L.cosentinii Guse. and 
L.digitatus Forek. 
Although it is difficult to assess the influence of 
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this monograph as it has generally been unavailable to 
Western workers and fewer floras have been produced since 
1929, in comparison to the late 19th - early 20th century, 
most workers have followed the mainstream of taxonomic 
treatments on Lupinus as encapsulated by Bertolini, 
Boissier and Zhukoveky. 
The major exception to this has been Franco and Silva's 
(1968b) treatment of the European species in Flora 
Europaca. As their tiatment of the species has already 




(= L.hispanicus asp bicolor Merino) 
L.angustifolius asp angustifolius L. 
asp linifolius (Roth ) Franco & Silva 
L,micranthus Gusa. 
L.albus sap albus L, 
sap graecua (Boise. & Sprun.) Franco & Silva 
L.varius asp venue L. 
syn. L.cosentinii Guss, 
sep onientalia Franco & Silva 
syn. L.digitatus Forek. 
L.pilosus Murray. 
Since publication, Flora Eurooaea has been taken as an 
authoritative source and has thus been followed by Davis 
(1970), Franco (1971) 9 Zohary (1972) and Zangheri (1976). 
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2.1.3.3 Gladstones' monograph 
Gladstones' monograph "Lupine of the Mediterranean 
Region and Africa" is the most recent and authoritative 
work on Old World lupine yet produced. It was produced, as 
Gladatones himself states, as a guide to the 
identification, distribution and taxonomic literature of 
lupine principally for those, like Gladatones himself who 
are working to improve the economic potential of lupine. 
As his work has already figured extensively in this account 
only a short summary of his conclusions need be discussed 
here. The catalogue of species described by him is: 
L.albun var albus L. 




L.hispanicus asp hispanicus Boise. & Rout. 








The main points of interest are the revisions to the 
status of L.graecus Boise. & Sprun, and of L.hispanicua var 
bicolor Morino and the description of L.atlanticus 
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Gladatones a new member of the rough seeded group. Also 
Gladatones, as described in section 2.1.1.3. 9 attempted to 
clarify the confusion surrounding the names L.F-irsutus L. 
and L.várius L. Subsequently he has formally proposed 
these names as nomina rejicienda (Lee & Gladatones 1979), 
Finally, Gladstones does not propose any formal 
supra—epecific taxa but he recognised four informal groups 
corresponding to the four Tribes of Agardh minus their New-
World species. 
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2.2 New World Lupins 
As in the case of the Old World lupins it is perhaps 
advantageous to divide this account into a number of phases 
and to separate the treatments of American lupins from those 
of Central and South America. 
2.2.1 The taxonomy of North American Lupine 
2.2.1.1 The First Discoveries 
Just as in the Mediterranean region, the aboriginal 
peoples of the New World were familiar with the herbal 
properties and agricultural value of lupine so that some 
species had local names. However as Taxonomic science as we 
know it is a European invention the discovery and 
description of species from the New World closely follows 
the colonisation of those continents by Europeans so that, 
for example L.perennis L.(1753) and L.vlllosus Willd.(1804) 9  
the commonest lupins in the Eastern United States were the 
first species to be discovered. L.perennis L. was, in 
fact,known to pre—Linnean taxonomists. Morison (1680) 
described it as J.1upinus caerulus minor, Virginianus repens. 
These two species were the only species described in the 
earliest American floras until the plant gathering 
explorations of Lewis and Clarke, Nuttall, Wyeth and most 
notably Douglas. As a result of these expeditions, in the 
floras that rapidly followed (Pursh 1814; Nuttall 1818; 
Hooker 1840), an increasing number of species were described 
so that by 1834 when Hooker's account of lupin species for 
his Flora Boreali Americana (Hooker 1840) was published 
twenty lupin species had been described. 
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2.2.1.2 The work of Hooker, Agardh and Gray. 
The accounts of Hooker (1840), Agardh (1835) and 
Gray(1840) can said to be a core around which later 
knowledge about North American lupine have been added but 
these three works also rely on each other to a considerable 
extent. To the twenty species described by Hooker, Agardh 
added a further twenty-one North American species, almost 
all of these being collected by David Douglas and kept in 
the Lindley Herbarium. Agardh also added the S. American 
and Old World species and modified Hooker's keys to 
accommodate them. North American species were included in 
all of Agardh's Tribes except Tribe Albi. 
Torrey's and Gray's treatment of North American Lupine 
was, in turn, virtually no more than a translation of 
Agardh's Latin work to English, with the South American and 
Old World species excluded. They did however add five new 
species described from the Texas collections of Drummond 
and the collections of Nuttall. As it is the most complete 
account of these three, Torrey's and Gray's treatment of 
Lupinus is shown below with the variations from Agardh's 
treatment noted. 
(Letters have been used here in place of the original 
symbols employed by Torrey and Gray) 
Annual: leaflets several: legumes more or less 
constricted between the seeds, dehiacent the following 
year. 
Legumes intercepted with cellular partitions between the 
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seeds: cotyledons thick and large, primordial leaves 
evident in the seeds. 
C. Stem somewhat naked, spike elongated, with numerous 
flowers in regular whorls: seeds elliptical compressed, 
smooth. (Agar'dh's Tribe A Lutei) 
1 L.menziesii Agardh 
2 L.micrbcarpus Sima 
3 L.densiflorus Benth. 
CC. Stem leafy, branching, leaflets mostly apathulate: 
flowers somewhat verticillate, bracteolate: upper lip of 
calyx 2-cleft or 2-parted: seeds large somewhat reniform, 
compressed, colored, roughish. 
(Agardh'a Tribe B Pilosi) 
4 L.hirsutisaimus Benth 
5 L.gracilis Agardh (transferred from Agardh'a Micranthi) 
6 L.concinnus Agardh 
7 L.aubcarnosus Benth. (not in Agardh) 
8 L.texensis Hook. (not in Agardh) 
CCC. Stem somewhat decumbent, leafy, leaflets mostly 
linear, caniculate: flowers alternate or verticillate, 
upper lip of calyx 2-parted, seeds rounded, turgid, 
colored, smooth. (Agardhe Tribe D Angustifollii) 
9 L.nanus Douglas 
10 L.leptophyllus benth. 
11 L.truncatus Nuttall (not in Agardh) 
BB. Legumes constricted but scarcely interrupted between 
the seeds, cotyledons smaller and less thick, petiolate in 
germination: primordial leaves not evident before 
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germination, alternate. (Agardh'a Tribe E Micranthi) 
12 L.micranthus Douglas 
13 L.bicolor Lindley 
14 L.pusillus Purach 
AA. Perennial: leaflets several: legumes dehiacent at 
maturity, the valves often twisting spirally. 
Legumes several seeded, seeds somewhat ovate the hilum 
occupying nearly the whole narrower extremity of the seed, 
cotyledons erect and petiolate in germination: primordial 
leaves not evident in the seed, alternate: stem annual or 
persistent, not shrubby. 
Stem mostly tall and erect, fistulous, somewhat 
glabrous, herbaceous: atipulee setaceous, racomes much 
elongated, flowers not very large, calyx mostly 
ebracteolate, the lips nearly entire. (Agardh's Tribe? 
Polyphylli) 
15 L.minimus Douglas 
16 L.lepidus Douglas 
17 L.polyphyllua Lindley (including Agardh'a L.grandifolius 
Lindley) 
18 L.latifolius Torrey and Gray 
19 L.cyatoides Agardh (= L.latifoliva Agardh) 
20 L.parviflorua Nuttall (not in Agardh) 
CC. Stems somewhat decumbent, loose, leafy, herbaceous, but 
somewhat persistent, stipules mostly large, racemes thick 
and dense: flowers large, calyx mostly bracteolate, the 
lips more or less cleft. (Agardh's Tribe G Nootkatensis) 
21 L.nootkatensis Donn 
22 L.affinia Agardh 
23 L.versicoior Lindley (not in Agardh) 
CCC. Stems procumbent persistent: calyx ebracteolate, very 
deeply bilabiate: keel ciliate. (Agardh's Tribe H 	borei) 
24 L.rivularis Lindley 
BB. Legumes 4-5 seeded: seeds roundish, the hilum somewhat 
oblique: stems mostly persistent and silky. (Agardh's Tribe 
I Sericei) 
25 L.perennia L. 
26 L.laxiflorua Douglas 
27 L.argenteua Purach 
28 L.ornatus Douglas 
29 L.leucopsis Agardh 
30 L.albicaulia Douglas 
31 L.sabinii Douglas (= L.sabinianus Agardh) 
32 L.sulphureus Douglas 
33 L.sericeus Purach 
34 L.caespitosus Nuttal]. (not in Agardh) 
35 L.aridue Douglas 
36 L.leucopsie Lindley 
37 L.plumosus Douglas 
SBB. Shrubby: stems decunbent or ascending, ligneous. 
(Agardh's Tribe K Paniculati) 
38 L.albifrona Benth. 
39 L.holoaericeus Nuttall 
40 L.douglasii Agardh 
41 L.flexuosus Lindley 
42 L.littorali Douglas 
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43 L.microcarpus Hook. and Am. 
44 L.decumbens Torrey 
AAA.Perennial: leaves unifoliate: legumes plane. (Agardh'a 
(Beta. foul integris.) 
45 L.villosus Wilid. (including Agardh's L.diffusus Nuttall) 
2.2.1.3 Subgenera of Lupinus 
Thirty-three years after Torrey's and Gray's Flora Of 
North America (1840), Sereno Watson's Revision of the Extra 
Tropical North American Species of the Genus Lupinus 
appeared (Watson 1873). In the intervening years a number 
of new species had been described and in this revision 
Watson himself described five new species and revised some 
of the existing species, making some reductions to varietal 
rank, adding new varieties and transferring some varieties 
to different species. 
He organised the now fifty-six into three subgenera viz 
1 Subgenus Lupinus 
2 Subgenus Platycarps 
3 subgenus Lupinellus 
The first two subgenera were diagnosed on the character 
cotyledons sessile (Platycarpos- 5 species) or petiolate 
(Lupinus- 50 species). Subgenus lupinellUB contained only 
one species L.unicialis Watson distinguished by its 
solitary, axial flowers. 
Piper (1906) in his Flora of Washington State followed 
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Watsona aubgeneric classification although L.unicialis 
Watson was not covered. In Subgenus Lupinus which 
contained 26 of the 28 species described Piper organised 
the species into six secons Micranthi, Sericei, Saxosi, 
Rivularea, Sulphurei and Calcarati. Rydberg (1917) 
followed Piper in that he too organised the 80 lupine he 
described into sections, this time nineteen. 
These and later divisions of Lupinus on the basis of 
sections, or complexes, do not correspond to any extent 
with Agardh's Tribes. Some sections contain species from 
two or three Tribes and most Tribes have species from 
several sections. 
2.2.1.4 Smith's Species Lupinorum 
C.P.Smith's Species Lupinorum published in a series of 
signatures from 1938 to 1953 may be considered along with 
Agardh's monograph as the most complete treatment of 
Lupinus. He monographed the whole of the genus for the New 
World and also described L.albus L., L.angustifolius L. and 
L.luteus L. from the Mediterranean as they are occasionally 
cultivated in the New World. 
Being published over a long time in very short parts, 
some only two or three pages long, his work lacks 
organisation although the species are described uniformly. 
This together with the fact that he had a very narrow 
species concept, almost a thousand species were described, 
has meant that his work has been regarded with, at best, 
suspicion by later taxonomists. 
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However, in 1946, he organised the North American and 
North Mexican species into subgenera and complexes some 
monotypic. His classification wag: 
Subgenus Platycarpos (Watson): all annuals. 




Subgenus Lupinus (Watson): annuals and perennials. 















P4. Sericeus-Albifrons complex 
PS. Arboreus complex 
P6. Albicaulis complex 
MEO 
/ 
P7. Latifollue complex 
PB. Arcticus-Wyethii complex 





2.2.1.5 Recent work on North American lupine 
Since the work of C.P.Smith the main workers concerned 
with north American lupine have been Detling (1951), 
Phillips (1955), Cox (1972a, 1973a,b,c, 1974, 1975) and 
Dunn and his colleagues (Dunn 1955, 1957, 1965a,b, 1971; 
Dunn & Cox 1973; Dunn & Gillet 1966; Christian & Dunn 1970; 
Fleak & Dunn 1971. In addi1ion uloras by Hitchcock et al 
(1961) and Munz (1959) have also included revisions to many 
of the species within the genus. Almost certainly as a 
result of the difficulties of studying such a large and 
perplexing group of species as the North American lupine, 
most of these authors have taken quite different vi•ews of 
the species concept within the genus and the affinities of 
the species. Perhaps as a reaction to the proliferation of 
names during the preceding forty years Detling (1951) then 
Phillips (1955) adopted a very broad species concept so 
that in, for example the L.caespitosus - L.lepidus group 
where over forty species had been described (Smith 1946), 
Detling effectively recognised only four species and 	 - 
Phillips only one. 
While Hitchcock et al (1961) also had a broad 
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species concept Dunn (1956) and Cox (1972a) have taken a 
different veiw on the boundaries between species so that in 
the same example Cox recognised ten species with 
twenty-seven subspecific taxa. 
A very confusing picture of the taxonomy of North 
American lupine therefore emerges and it would, even if it 
were possible, be outside the scope of this thesis to 
describe in detail the relationship known or supposed 
between the species. Thus it is only intended here to give 
a short summary of the known affinities, where known, of 
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the species studied for 
lupine. As a framework 
classification of Smith 
several of the complexei 
(Dunn 1965) 
Subgenus Platycarpos 
Of the eight species 
comparison with the Old World 
for discussion the order of the 
(1946) will be followed although 
he described have been redefined 
recognised as belonging to this 
subgenus, two species, L.subvexus C.P.Smith and 
L.densiflorus Bentham were available for this study both 
also belonging to the same section Microcarpi and are thus 
thought to be related. 
Subgenus Lupinus 
Taking the annual species first L.aucculentus Dougi, is 
the only member of the section Succulenti and its 
relationship to species in other sections is not known. 
The other annual species examined in these studies belong 
to the section Micranthi. They are L.polycarpus greene 
(=L.micranthus Dougi.), L.pachylobus Greene and I.nanus 
Dougi. and are thought to be closely related (Dunn 1955) 
although they do not hybridize (Dunn 1956). 	The only 
other annual studied here is L.aubcarnosus Hook, which 
together with L.texenais Hook. (not available) are the only 
North American lupine to have a diploid chromosome count of 
2n=36 (Cox 1972b). These two species are thus thought to 
have no close relationship to other lupine. 
while species boundaries seem reasonably well defined in 
the annual species the situation in the sections containing 
perennial species is much more complex and the following 
relationships amongst the species represented in this study 
have been found. 
.ornatus Dougl. ex Lindi., L.chamiasonis Eschsch., 
L.albifrons Benth. and L.douglasii Ag. are all placed 
together in section Sericei one of the largest groups of 
North American lupine (Fleak and Dunn 1971), 
L.leucophyllua Dougi. ex Lindle of section Leucophylli is 
also quite possibly related to this group as it is thought 
to hybridize with members of the Sericei (Dunn & Gillet 
1966). 
Dunn and Gillet (1966) and Dunn (1965a.b) have also 
described a number of other relationships amongst species 
represented in this study. While Philips (1955) thought 
that L.arcticus S,Wats. was so close to L.polyphyllua 
Lindi, that they should be considered co—specific Dunn 
(1965b) considered that the nearest relative of L,arcticus 
S.Wate, is the Eastern North American species L.perennis L. 
The same authors disagree on the relationships of 
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L.nootkatensis Donn., Phillips (1955) believing that this 
species was co-specific with L.perennis L. and Dunn (1965a) 
believing that L.nootkateneis Donn has evolved from the 
introgression of L.polyphyllus Lindi. with L.arcticua 
S.Wats. L.polyphyllus Lindi.. L.latifolius Lindl. is also 
thought to be close to L.polyphyllua although it is placed 
in a monotypic section Latifolii. Indeed Dunn (1965a) 
believes that "In short everywhere that L.polyphyllus has 
come into contact with another lupine, there has been some 
hybridization and subsequent introgression." 
Thus the relationships botween the perennial species of 
North America has perhaps been most articulately summarised 
by Phillips (1955) "It 18 not a gradient of variation but 
rather a.mosaic of interlocking centres of variation 
wherein morphological types are more or less recognisable 
but very hard to describe." 
2.2.2 Central and South American lupine 
In parallel to the situation in the Old World where the 
African species are underdeacribed in comparison to the 
European species the same contrast can be made between the 
South and North American lupine. Many lupine from South 
and Central America are underdescribed or undescribed (Dunn 
Pers.Commn.) and they have been so rarely treated either as 
a unit or in regional floras that a history of their 
taxonomy, other than a mere listing of the dates when new 
species were described, is virtually impossible. 
Agardh's monograph described twenty-three species 
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distributed among all the Tribes of his classification 
except Tribes B. Anguatifolii, E. Micranthi, and H. 
Arbbrei. Additionally six of the Species Inquirende were 
also believed by Agardh to be of South or Central American 
origin. Subsequently, new species were intermittently 
described until Species Lupinorum (Smith 1938) where a very 
large number of new species were described. It is 
impossaible to give a reliable estimate of how many species 
Smith described as he changed his opinion on the status of 
several species throughout the course of the monograph. 
Smith did however organise the species into 13 complexes 
when considering the Peruvian lupins but he later 
completely revised the arrangement of species within these 
complexes and nineteen complexes were described although 
the area covered by these complexes was not defined. 
Whether Smith intended to organise the South and Central 
Cmerican complexes as he did for the North American Species 
is not known as Species Lupininorum remained unfinished. 
South American floras in which lupins have figured 
extensively for example Flora of Peru (Macbride 1943), 
have followed Smith's keys and description but have 
considered that Smith's species concept is too narrow 
(Macbride 1943) and so at present the South and Central 
American species are being revised By Dunn and his 
colleagues (Dunn & Harmon 1977; Dunn Pers commn.) 
3 ALKALOIDS IN OLD WORLD LUPINS 
3.1 Introduction 
3.1.1 The nature of lupin alkaloids 
Lupine are knowito contain a rich supply of alkaloids. 
In their review of the literature, Nears and Mabry (1971) 
described twenty-eight different alkaloids from fifty-three 
species of Lupinus. These lupin, or quinolizidino, 
alkaloids are not restricted to the genus Lupinus however. 
In all, about sixty Lupin alkaloids have been described 
from over two hundred species in the tribes Sophoreae, 
Genistese, Podalvrieae, Dalbergieae and Oalegea (Nears & 
Mabry 1971, Cho & Martin 1971). Lupin alkaloids appear to 
be restricted to these tribes, other than isolated and rare 
occurrences in the Solanaceae, Chenopodiacese and 
Berberidaceae (Nears & Mabry 1971). 
With the single exception of gramine, a tryptophan 
derived alkaloid found in L.luteue (Weiworoweki & 
Podowinaka, 1962) all the alkaloids found in Lupinus have 
been of the juinolizidine type. These alkaloids commonly 
have a three or four ringed aromatic structure although 
lupinine with a bicyclic structure is found within Lupinus. 
Penta- and hexacyclic structures appear to be restricted to 
the genus Ormosa (Lloyd & Horning 1958). 
The structures of some of the most commonly occurring 
alkaloids within Lupinus are shown overleaf in Figure 3.1 
Figure3e1 Structure of lupin alkaloids. 




b) Tertiary lupin alkaloids 
Arigustifoline 
c) Quaternary lupin alkaloids 
Sparteine 
3.1.2 Alkaloids and taxonomy 
To date only a few taxonomically orientated studies of 
alkaloids within Lupinus have been carried out as studies 
of alkaloids have in general been concerned with their 
toxicity (Gordon & Henderson, 1951). 
Of those studies for taxonomic puposes only one has 
concerned itself with Old World Lupins, describing the 
principal component of each species (Kazimierski & Nowacki 
1961). The remaining studies have been on North American 
species (Nowacki & Dunn 1964; Cox 1973a; Dunn & Cox 1973). 
All these studies limited themselves to paper or thin layer 
chromatography for the purposes of comparisons of 
similarity. Positive identification of alkaloids, 
necessitating the sequential use of gas-liquid 
chromatography and mass-spectroscopy (Cho & Martin 1971) 
was not carried out although identification by comparison 
with those alkaloids available in pure form was used. 
The aim of this study was (1) to determine what 
taxonomic conclusions could be reached from a study of Old 
World lupin alkaloids and (2) to what extent these 
conclusions compared with those derived from evidence from 
other sources. The first question is answered in the 
discussion of results in this chapter but the second is 
left until a consideration of evidence from other sources. 
3.2 Experimental 
3.2.1 Extraction of.  alkaloids 
The sources of the seed material used in this study are 
listed in Appendix I. Seed accessions. The method is that 
of Cox (1973a) with the exception of the quantities of 
potassium hydroxide and chloroform used. 
Approximately 200mg of lupin seed was ground in a 
pestle and mortar and the resulting flour placed in a 50m1 
boiling tube. 30% KOH was added dropwise to the flour 
until a thouroughly wetted slurry was obtained. 30m1 
chloroform was then added, the boiling tube sealed and 
stored overnight at 4 0 c. The chloroform layer, containing 
the alkaloids was the removed in a separating funnel and 
reduced in a rotary evaporator until 0.75m1chloroform 
remained. This alkaloid extract was then used immediately 
for chromatography or stored in sealed glass vials at 4c 
until required. 
3 • 2 • 2 Chromatography 
The support/solvent system is that of Cho and Martin 
(1971) 
20x20 glass plates were coated with silica gel G, 
particle size 10-40um, to a depth of 0.5mm. After air 
drying plates were activated at 110 0 c for lhr and stored in 
a moisture free cabinet until required. Plates were 
developed in chloroform:mcthanol:ammonja in the proportions 
85:15:1. The tank was lined with filter paper and the 
solvent was added 2-3 hours before chromatography to 
saturate the tank atmosphere. 
For chromatography, 30ul aliquots of alkaloid extract 
were used. Initially 5ul sparteino (Sigma Co. Ltd) in 
chloroform 1 part 'in 2000 was used as a marker to check 
consistency among chromatographic runs. However its low 
relative mobility (R.f. 0.17) made it unsuitable for 
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assessing comparability of results with alkaloids of high 
R.f.. Subsequently the alkaloid extract of L.angustifoliva 
accession number 76124 was used to give a series of 
markers. 
Plates were removed after the solvent front had 
travelled 15cm from the spot origin and allowed to dry. 
Alkaloids were visualised by spraying with iodoplatinate 
reagent made up as follows. To lml 5% platinum chloride 
0.5ml concentrated HC1 and 24m1 2% potassium iodide were 
added, this was made up to 50m1 with distilled water. 
3.3 Results 
Tracings were made from the chromatograms and one of 
these, illustrating the main kinds of pattern found, is 
shown in Figure 3.3.1. From the tracings the mobility, 
measured as the ratio of the distance travelled by the 
alkaloid relative to the solvent front, R.f., was 
determined for each alkaloid spot for each accession. 
These are shown in Table 3.3.1. 
Spot colour is not recorded in the tables as it was 
found to be an unreliable guide in assessing similarity 
between spots of the same R.f. from different accessions. 
Toward the end of the study it was found that this 
variation in spot colour was caused by traces of ammonia 
remaining on the chromatographic plates when spraying with 
iodoplatinate reagent. 
The use of spot shape (Cox 1973a) as an aid to 
identification was considered superfluous as it correlated 
completely with R.f., although it was recorded as a matter 
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of course in making the tracings. 
The distribution of alkaloids in each accession shown in 
Table 3.1 was compared with all other accessions to produce 
a simple matching coefficient between accessions in Table 
3.2. These simple matching coefficients were calculated as 
follows, a positive correlation being made either when 
both samples contained the same alkaloid or when both did 
not. 
Percentage similarity= 100 x No.of positive correlations 
No.of comparisons made (30) 
Using these similarity coefficients, cluster analysis 
on the accessions using the unweighted pair group method 
using arithmetic average (Sneath & Sokal 1973) produced the 




Figure 3.3.1 Tracing of alkaloid chromatogram 
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Table 3.3.1 Distribution of alkaloids in Old World lupins. 
+= alkaloid present 
Alkaloid 	R.f. 
Species 	 Acc.No. 
cc.00' ooco • o o • o • oo 0 0 OOO 0 0 0 0 0 
L.albus 	L. 7697 + 	, 
7672 ******** 	* 	+ + 	* 
76131 * 	* 	* 	* 	* 	* 	st 	 * 
- 76141 t 	 * 	* 	+ 	* 	* 
769 * 	* 	* 	* 	* 
7675 + 	• 	* 
L.atlartticus 	Glade. 7623 * 	+ 	s 	 s. 	, + 	* 	, V 
7624 * 	* 	 + 	+ 	* 	* , 	* 	* 	- * 
7624a 	- t 	 * 	 1 	 + 	+ 	+ *. 	* 	* 	* 
L.cosentinii 	Guss. 7622 * 	 V 	+ 	* 	+ 	s 	+ 	+ + 	+ 	V 	+ 	V 
762 * 	*4 	 * 	+ 	+ 	+ 	t * 	* 	 + 
76147 * 	i- 	 * * **** * 	* 
L.digitatus 	Forsk. 75125 V 	 + 	V 	 V 	 + * 	* 	V 	 V 	 * + 	+ 
L.palaestinus 	Boise. 759 + 	* 	 * 	+ 	V 	 V 	 * + 	V 	* 	V 	+ * 	+ 
- 7630 + 	+ 	 * 	* 	 + 	* 	+ + 	* 	* 	* 	* 	* 
L.pilosus 	Murray 76111 + 	 V 	 * V 	 + 	* 	+ 	* 
76149 * 	* 	 * 	 * 	* + 	* 	* 	 * 
76148 * 	+ 	 + 	 * 	4. + 	* 	* 	* 	+ 	1. 
L.angustifotius 	L. 75139 , 	 + 	 + 	V + 
7611 + 	 + 	 + 	+ + 
7643 *+ 	 + 	 t 	 + V 
7612 + 	* 	 + 	 ,. 	* 	+ * 
76140 *s 	 * 	 s- 	+ 
-- 76124 ** 	 * 	+ * 
7514 * 	.. 	 * 	* 	+ V 
7522 + 	•-s 	 + + 	* 
7615 + 	v+ 	 * 	+ + 	++ * 
7625 ++ 	 * 	+ + 
76126 + 	 + 	+ 	V 
76137 ++ 	 + 	V 	+ 
76138 ** 	 * 	V 	+ * 
7616 s* 	 * 	V * 
L.iuteus 	 - 7668 * 	 * 	V 
7618 * 	 + 	* 
7617 * 	 ++ + + 
7651 . 	 + 	+ 	+ * s 
76142 V 	 + 	+ + + V 
76145 V 	V * + 
76143 + 	 V 
76144 
L.hispanicus 	Boiss.& Reut. 7619 * 	V 	 V 	+ 	V 	+ 	V + 	+ 	+ + 
asp hispanicus 7619a • 	V 	 V 	V 	V 	+ 	* + 	V 	+ + 
asp 	bicolor 	(Mer.)Glads. 76146 . 	 V 	* 	+ 	* 	V + 	+ + 	s 
7620 * 	 V 	* 	 + * + 
7626 * 	 * 
Note: 	Tentative identifi•àtjons based on the Hf values 
published by Chow & Martin: (1971) 	are: 	1- Lupañine, 
2- 13-Hydroxylupanih Angustifoline. 
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Table 3.3.2 Similarity coefficients between Old World Lupins 
on the basis of alkaloid content. 
Specimens listed by accession number as in Table 
3.3.1 
Acc. 
No. 	 % Similarity 
7672 70 
76131 70 86 
76141 76 80 80 
769 	80 76 70 83 
7675 80 76 70 83 100 
7623 63 66 60 60 56 56 
7624 60 56 56 63 53 53 90 
7624a 50 53 53 53 43 43 86 90 
7622 60 63 63 63 46 46 76 80 83 
7621 60 63 56 56 46 46 83 80 83 86. 
76147 63 60 53 53 50 50 86 83 86 90 90 
76125 63 60 53 60 56 56 80 76 80 90 83 83 
759 	53 56 50 50 46 46 76 73 76 86 80 90 90 
7630 56 53 53 60 50 50 73 76 80 90 76 86 93 90 
76111 56 53 46 53 50 50 73 70 80 76 70 80 86 83 86 
76149 66 56 50 56 53 53 90 80 83 80 80 90 90 80 83 83 
76148 63 53 46 53 50 50 86 83 86 83 83 93 93 83 86 96 96 
76139 83 66 60 66 70 70 66 56 53 63 63 66 66 56 60 60 70 
7611 83 66 60 66 70 70 73 63 60 63 63 66 66 56 60 66 76 
7643 80 70 63 70 73 73 63 53 50 60 60 63 63 53 56 56 66 
7612 76 73 66 66 70 70 73 63 60 63 63 66 60 56 53 60 70 
76140 83 73 66 73 76 76 66 56 53 63 63 66 66 56 60 60 70 
76124 73 70 63 63 73 73 76 66 63 60 60 70 63 60 56 63 73 
7614 73 70 63 63 73 73 76 66 63 60 60 70 63 60 56 63 73 
7522 76 66 60 66 70 70 73 63 60 56 56 66 66 63 60 60 76 
7615 70 60 53 60 63 63 66 56 53 50 56 60 60 56 53 60 70 
7625 76 66 60 66 76 76 73 63 60 56 56 66 66 56 60 66 76 
76126 73 70 63,63 73 7376 66 63 60 60 70 63 60 56 83 73 
76137 76 73 66 66 76 76 73 63 60 63 63 73 66 63 60 60 70 
76138 73 70 63 63 73 73 76 66 63 60 60 70 63 60 56 63 73 
7616 76 66 60 , 66 76 76 73 63 60 56 5666 66 56 60 6676 




Table 3.2.2 Co 
Acc. 
No. 
7668 83 60 66 
7618 86 63 70 
7617 76 53 53 
7651 73 56 56 
76142 73 56 56 
76145 73 56 50 
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76144 86 56 56 70 80 80 63 '60 50 53 53 63 63 53 56 56 66 
7619 70 60 60 53 50 50 73 70 60 70 70 73 66 63 60 53 70 
7619a 70 60 60 53 50 50 73 70 60 70 70 73 66 63 60 53 70 
76146 70 60 60 53 50 50 66 63 53 63 63 66 60 56 53 46 63 
7620 76 60 66 60 63 63 60 56 46 56 56 60 53 50 46 40 56 
7626 86 56 63 70 73 73 63 60 50 53 53 63 63 53 56 56 66 









7611 73 93 
7643 63 96 90 
7612 66 86 93 
76140 66 93 93 
76124 70 83 90 
7614 70 83 90 
7522 73 80 86 
7615 66 80 80 
7625 73 86 93 
76126 70 83 90 
76137 66 86 86 
76138 70 83 90 
7616 7386.93 
ACC. 




86 96 90 
86 96 90 100 
83 86 86 90 90 
83 80 80 83 83 93 
90 93 93 96 96 93 86 
86 96 90 10010090 83 90 
90 93 93 96 96 86 80 93 96 
86 96 90 10010090 83 96 10096 
90 93 93 96 96 93 8610096 93 96, 
56 Table 3.3.2 continued 
Acc. 	 % Similarity 
No. 
7668 53 80 80 76 80 80 76 76 66 60 73 76 80 76 
7618 56 83 83 80 83 83 80 80 70 63 76 80 83 80 
7617 66 80 80 76 73 80 76 76 73 66 80 76 80 76 
7651 70 83 83 80 76 83 80 80 76 70 83 80 83 80 
76142 63 76 76 73 70 76 73 73 70 63 76 73 76 73 
76145 70 83 83 90 76 83 80 80 76 70 83 80 83 80 
76143 56 76 76 73 76 76 80 80 70 63 76 80 83 80 
76144 63 83 83 80 76 83 80 80 76 70 83 80 83 80 
7619 66 66 66 63 66 66 63 63 60 53 60 63 66 63 
7619a 66 66 66 63 66 66 63 63 60 53 60 63 66 63 
76146 6066 66 63 66 66 63 63 60 53 60 63 66 63 
7620 53 73 73 70 73 73 70 70 60 63 66 70 73 70 
7626 63 76 76 .73 70 76 73 7376 70 76 73 76 73 
Ac c. 
Acc. 	 % similarity 
No. 
7668 73 
7618 76 96 
7617 80 80 83 
7651 83 76 80 . 96 
76142 76 76 73 90 93 
76145 83 76 73 83 86 86 
76143 76 90 86 76 73 80 80 
76144 83 90 86 83 80 80 86 93 
7619 60 73 76 
7619a 60 73 76 
76146 60 73 76 
7620 66 86 90 
7626 76 90 86 
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Figure 3.3.2 Dendgram of Old World lupins based on 
seed alkaloids. 
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L.hispantcus asp bicolor 76146 
L.hispanicus sap bicolor 7620 
L.luteus 76143 
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3,4 Discussion of results 
The dendogram shown in Figure 3.3.2 shows several 
features. 
Firstly the Old World lupine examined in this study 
divide primarily into two groups. The first group consists 
of the smooth seeded species L.albus , L.ancuatfolius 
L,luteus and L.hispanicus and the second consists of the 
rough seeded species L.piloaus, L.cosentinii, L.digitatus 
and L.atlanticus. 
Secondly the nature of the relationships between the 
species within these two principal groups is very 
different. In the smooth seeded species all the 
accessions, with two exceptions, cluster together into 
their appropriate species. These two exceptions are mainly 
a result of a statistical effect arising from the method 
used to calculate the Cimilarity coefficient. Accession 
number 7697 of L.albus and accession number 7626 of 
L.hispanicus had both very low alkaloid contents. Thus, 
because shared absence of an alkaloid was considered as a 
positive correlation these two accessions were calculated 
to be most similar to L.luteus which had, in general, the 
samples with the lowest alkaloid contents. The only other 
case in the smooth seeded species in which the accesSions 
do not cluster into their repeotive taxa is in L.hispanicus 
whore the two subspecies are not differentiated by their 
alkaloid content. 
Considering the relationships between the smooth seeded 
species, L.angustifolius and L.luteus clustered out 
together first. This result contrasts with that of 
Kazirnieraki & Nowacki (1961) who found that L.luteus and 
L.hiapanicus were the most closely related of the smooth 
seeded species on the basis of their principal alkaloid 
component. In this study, although L.hispanicus was most 
similar to L.luteuo, as already mentioned this 
relationship was not reciprocal. L.albus was, in turn, the 
most distinctive of the Old World smooth seeded species. 
In contrast to the smooth seeded species the rough 
seeded lupine show a very different kind of relationship 
between the species. On the basis of alkaloid content the 
rough seeded group as a whole is about as variable as a 
single species in the smooth seeded group and, with the 
exception of L.atlanticus, the accessions of the rough 
seeded species do not cluster out into their respective 
species. 
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4 LUPIN SEED PROTEINS 
4.1 Introduction 
4.1.1 The nature of lupin seed proteins 
The seeds of lupins, like other legumes, contain 
considerable amounts of proteins (Gladetones 1970). These 
are of two main types, a water soluble fraction, albumiin, 
and a brine soluble fraction, globulin (Osborne 1924). 
Globulins, which are associated with storage bodies in the 
cotyledons, are broken down during germination and early 
growth of the seedling (Boultor and Barber 1963, Briarty et 
al 1970). They normally comprise about 90% of the total 
protein within the seed and are usually of only one or two 
protein species (Derbyshire et a]. 1976). 
Considering the relative abundance of globulins in the 
seeds it is thus perhaps not surprising that the most 
detailed studies of lupin seed proteins have been 
orientated toward improving the dietary value of these 
storage proteins (Gillespie & Blagrove 1974, 1975; Blagrove 
& Gillespie 1975; Blagrove et a]. 1976). These studies have 
shown that the storage proteins of lupine, in common with 
other legumes (Derbyshire at al 1976), are composed of two 
major globulins, in the case of lupine described as 
conglutin alpha and conglutin beta while some species 
contain a third conglutin, conglutin gamma, as a minor 
consituent. 
Conglutin gamma was found to contain two disulphide 
bonded subunits of molecular weights 17,000 and 30,000 and 




Conglutin alpha and beta appear to be much more variable 
however. Conglutin alpha is composed of three or four 
non-covalently linked subunits with molecular weights 
ranging from 55,000 to 80,000 each containing a diaulphide 
bonded moiety with a molecular weight circa 20,000. 
Conglutin beta was found to have four non-covalently linked 
subunits with molecular weights ranging from 20,000 to 
60,000. 
Both conglutin alpha and beta show considerable 
interspecific differences with respect_to their molecular 
weights, subunit composition and importance of disulphide 
bonding within subunits. These studies have also shown that 
the molecular weights of the subunits are unaffected by 
variation ingrowing conditions but the proportions of the 
subunits and the degree of disuiphide linkage can be 
modified (Blagrove et al 1976) 
4.1.2 Taxonomic studies 
While seed proteins as a source of taxonomic evidence 
have been widely used (Gottlieb 1977; Fairbrothers 1977), 
only two studies using seed proteins in determining the 
of' Lupinus 
relationships between speciealhave been made to date namely 
those of Now'cki and Prus-Glowacki (1971) and Cox (1973). 	- 
The earlier study used serological methods to examine the 
relationships of seven Old World and seven New World 
species. The latter compared fifteen closely related New 
World. taxa by electrophoretic techniques. 
In addition to these studies, Lupinus angustifolius was 
included in a study of the serological relationships within 
the Genisteae (Cristofolini & Chiapella 1977). 
The aim of this study was to examinej means of 
electrophoretic techniques as great a range of lupin taxa 
as possible in order to determine the intra and 
interspecific similarities shown by the seed proteins. 
Representatives from other genera within the Genisteae 'were 
also examined to determine their relationship on the basis 
of protein resemblance to Lupinus. 
4.2 Experimental 
The sources of the seeds used in the protein 
electrophoresis experiments are given in Appendix I. 
4.2.1 Stock solutions 
The following stock solutions were prepared and stored 
at 4 °Cun1ese otherwise stated. All water used in the 
preparation of solutions was glass distilled. 
Acrylamide stock solution: 300g Acrylamide (Eastman) and 
8g N,N'-bis-acr'ylamide were dissolved in water and filtered 
through Whatman No.50 filter paper. 
Separating gel buffer: A 1.5M Tris-HC1 buffer was 
prepared by dissolving 18.15g Trizma (hydroxymethylamino-
methane) (Sigma) in 50m1 water. This was adjusted to pH 8.8 
with 1M HC1 and made up to lOOmi. 
Stacking gel buffer: A 096M Tris-HC1 buffer pH 6.8 was 
prepared by dissolving 3.633g Trizma in 20m1 water. This 
was adjusted to pH 6.8 with iN HC1 and made up to 50m1. 
Electrode buffer: 9.688g Triama, 46.12g glycine (B.D.H.) 
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and 1.6g sodium dodecyl sulphate (SDS) (B.D.H.) were 
dissolved in water and made up to 1600ml. This solution was 
stored at room temperature. 
10% SDS: bOg SDS was dissolved in 1000m]. water. This 
solution was stored at room temperature. 
0.1% bromophenol blue: 0.lg bromophenol blue was 
dissolved in 100mb, 0.0004P.i sodium azide solution. 
Sample buffer: 10mb of stacking gel buffer stock\ 
solution, lOg sucrose and 20m1 10% SDS solution were mixed 
und made up to lOOmi with water. This solution was prepared 
freshly before extraction of seed proteins. 
4.2.2 Extraction of seed proteins 
All procedures were performed at 4 °C 
One weighed seed wasground in a pestle and mortar until 
a fine flour was obtained. Up to 5mb of sample buffer was 
then added until the flour was th-oro -ughly li wetted. The 
resultant slurry was ground for a further 5 minutes then 
centrifuged at 4,0000. The supernatant, containing the 
protein fraction was decanted and 
removed for protein estimation by 
al 1951). To the remainder 2-merc 
final sample buffer containing 5% 
added. The samples were stored at 
4.2.3 Measurement of protein 
a 0.1mb aliquot was 
Lowry's method (Lowry et 
ptoethanol, to give a 
mercaptoethanol, was 
-40'C until required. 
0.1mb 10% trichloroacetic acid was added to the 0.1mb 
aliquot of protein fraction. After 2hrs at 4 the sample 
was centrifuged at 4,0000 for 10mm. The supernatant was 
discarded and 10mb 0.1M NaOH was added to the pellet. This 
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was left at room temperature until the pellet had gone into 
solution (10-30mm). 0.lml of this solution was then made 
up to 1.0ml with water as the test sample. 
imi 1% CuSO4.5H0 and imi 2% NaKC4H0.2Hj0 were mixed 
and added to the test sample and incubated for 10min at 
room temperature. lOmi Folin and Ciocalteu's phenol reagent 
(B.D.H.) was mixed with 5m1 SM NaOH. 0.5 ml of this 
solution was then added to the test sample and after 30mm 
incubation at room temperature test samples were read in a 
colourimeter with a 750nm filter. Absorbance readings were 
converted to protein concentrations using a standard curve 
prepared by using bovine serum albumen at concentrations 0, 
50, 100, 150, and 200 ug/mi as test samples. 
4.2.4 Preparation of slab gels 
The apparatus described by Reid and Bielski (1968) was 
used. 
The gel mould was prepared as a sandwich made with a 
glass plate and perspex plate separated by 1mm perspex 
spacer strips along the side and base of the mould. High 
vacuum grease (Edwards) was smeared along the faces of the 
strips to ensure a watertight fit. The base strip projected 
beyond the base of the mould to ease its removal after 
polymerization of the gel. All grease and dirt was 
carefully washed from the inner faces of the mould before 
assembly. The mould was clamped together with large binder 
clips and held so that the separating and stacking gel 
interface would be horizontal. 
Gels were prepared by a modification of the method of 
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Laemlli (970) 
The separating gel was made up as follows: 9.9 ml 
acrylanide stock solution, 6.Oml separating gel buffer and 
14.4m1 water were mixed and the solution do-aerated. To 
this 0.3rnl 10% SDS, 0.15m1 preshly prepared 10% ammonium 
per'aulphate and 0.024m]. tetra-methylethylenediamine 
(T.E.M.E.D.) were added. The solution was then pipetted 
into the gel mould to 3cm from the top of the mould. 0.1% 
SDS was then carefully layered over the aolution and the 
gel was left to polymerize for at least 2hrs. 
The stacking gel was made up as follows: 1.67 
acrylamide stock solution, 1.Oml stacking gel buffer and 
7.2m1 water were mixed and de-aerated. To this 0.lml 10% 
SDS, 0.05ml freshly prepared 10% ammonium persuiphate and 
0.Olml T.E.M.E.D. were added. 
The overlaying 0.1% SDS was poured off and the slot- 	 - 
forming perspex comb was inserted into the mould so that 
the base of the slots would be approximately 1cm from the 
stacking gel/separating gel interface. The stacking gel was 
then pippetted into the mould to cover the comb to a depth 
of 1cm and allowed to polymerize for at least 20mm. 
In final form the separating gel was thus 10% 
acrylamido and the stacking gel 5%. Just before 
electrophoresis the comb was removed and the slots rinsed 
with 0.1% SDS. The lower mould spacer was removed and the 
mould clamped to the electrophorosis apparatus. 
Electrode buffer was added to both compartments of the 
electrophoresis apparatus. Just under lGOOml buffer was 
required to fill both compartments. 
4.2.5 Electrophoresis of proteins 
'With SDS 
Samples were boiidTfinin. then 0.1% bromophenol 
blue was added to each of the samples to bring it to 0.005% 
bronophenol blue in sample. A volume, usually 10-30u1, of 
I 
sample buffer, estimated by Lowry's method to contain 150ug 
of protein, was then introduced into the slots using a 
microsyringe. 150ug of protein molecular weight marker 
(B.D.H. product !lo.44223 20) in sample buffer was added to 
one of the slots. Electrophoresis was at - 60V constant 
voltage until the bronophenol blue had entered the stacking 
gel then at 120V constant voltage until the bromophenol 
blue had migrated approximately 9cm into the separating 
gel. 
4.2.6 Localisation of proteins 
After removal from the mould the gels were stained in 
0.1% Coommasie blue in 50% methanol, 5% acetic acid. 
Destaining was in 40% methanol, 7% acetic acid. The gels 
were then dried down onto filter paper at 70X under vacuum, 
photographed and the molecular weights of the principle 
bands in each sample calculated. 
4.3 Results 
4.3.1 Photographic records: Photographs of the gels are 
shown in Figures 4.3.1 to 4.3.12 
4.3.2 Measurement of molecular weights: The molecular 
weights of the protein bands for each sample was measured 
to the nearest 500 molecular weight units. The presence of 
protein bands in the 35 molecular weight classes shown in 
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Table 4.3.1 were scored for each sample. 
4.3.3 Intraspecific variation:In those species for which 
more than one accession was available or when more than one 
test sample was made from one accession the percentage 
similarity between species was calculated in the following 
manner: 
Percentage similarity=100 x No.of positive correlations 
Total No. of comparisons (35) 
A positive correlation was scored either when both 
samples contained a band in the same weight class or when 
both did not. 
Tables 4.3.2 to 4.3.24 show the distribution of protein 
bands in the molecular weights classes for each sample 
within the species named. Table 4.3.25 gives the average of 
the percentage similarities between the samples of the 
species named. 
4.3.4 Interspecific variation: The percentage similarity 
between each sample representing a species was estimated in 
the same manner as for the intraspecific percentage 
similarities. In those species where more then one sample 
was available one of these was chosen at random to 
represent the species. Table 4.3.26 gives the distribution 
of protein bands in the molecular weight classes listed in 
Table 4.3.1 and Table 4.3.27 gives the percentage 
similarities between species. 
Figure 4.1.13 is adendrogramproduced from the 	 - 
percentage similarities. The taxa were clustered using the 
unweighted pair group method using arithmetic average 
(Sneath and Sokal 1973) 
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Table 4.3.1 Molecular weight clase diatribution. 
Molecular weight Molecular weight diatribution in 
claas number 	claes (mol. wt8 in thousanda) 
1 17-17.5 
2 18-18.5 







10 26 - 26.5 
11 27 - 27.5 
12 28 - 28.5 
13 29 - 29.5 
14 30 - 31.5 
15 32 - 33.5 
16 34 - 35.5 
17 36 - 37.5 
18 38 - 39.5 
19 40-41.5 
20 42-43.5 
21 44 - 45.5 
22 46 - 47.5 
23 48 - 49.5 
LON 
Table 4.3.1 continued 
Molecular weight Molecular weight distribution in 
class number 	class (mol. wts in thousands) 
24 50 - 51.5 
25 52 - 53.5 
26 54 - 55.5 
27 56 - 57.5 
28 56 - 59.5 
29 60 - 62.5 
30 63 - 65.5 
31 66 - 68.5 
32 69 - 71.5 
33 72 - 74.5 
34 75 - 77.5 
35 78 - 80.5 
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Table 4.3.2 Intraspecific variation in Lupinus arboreus 
Accession number Score in molecular weight classes 1— 35 
of sample 
76157 00010 01000 00100 11100 10011 11001 11101 
7690 00100 01000 01001 11100 10011 10001 01010 
762 00010 01000 00100 01100 00011 11011 01010 
752 00010 01000 00011 01110 10011 11111 11010 
752 10010 01000 00101 11100 10110 10111 11000 
Table 4.3.3 Intraspecific variation in Lupinus latifolius 
Accession number Score in molecular weight classes 1 - 35 
of sample 
7653 	 00100 01000 01001 01001 10000 0011001010 
766 	 00100 01000 00101 11000 10011 10011 01000 
Table 4.3.4 Intraspecific variation in Lupinus succulentus 
Accession number Score in inolecul ar weight classes 1 - 35 
of sample 
76108 	 01100 00000 10011 01110 01100 10110 11010 
76107 	 01100 00000 10011 01110 01100 10110 01010 
764 	 01100 00000 10011 01110 01100 10110 01010 
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Table 4.3.5 Intraspecific variation In Lupinus subcarnosus 
Accession number 	Score in molecular weight classes 1 - 35 
of sample 
7615 01000 00001 00011 10111 01011 10110 10100 
7688 00100 00001 00011 11110 10111 11110 10000 
7644 01000 00001 00011 10111 01011 10110 10000 
Table 4.3.6 Intraspecific variation in Lupinus ornatus 
Accession number Score in molecular weight classes 1 - 35 
of sample 
7684 	 00010 10000 01101 11011 11101 11111 10101 
7676 	 00001 00001 01011 11011 01010 00111 10101 
Table 4,3.7 Intr'asecific variation in Lupinus polyphyllus 
Accession number Score in molecular weight classes 1 - 35 
of sample 
7678 00010 10000 00000 10001 11111 10101 11110 
76158 10001 10000 01001 10110 00010 00101 00100 
7678 10001 00001 00000 11001 01011 00101 00010 
7640 10000 00001 00001 01010 01010 00000 10110 
7642 10000 00001 00001 01010 01010 00000 10110 
7631 01000 10010 00011 01010 00100 10010 01010 
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Table 493.8 Intraspecific variation in Lupinus areticus 
Accoasion number 	Score in molecular weight classes 1 - 35 
of sample 
76117a 	 00100 00000 00001 10001 00011 11001 01100 
76117b 	 00100 00000 00001 10010 01010 01101 01100 
Table 4.3.9 Intraspecific variation in Lupinus nootkatensis 
Accession number Score in molecular weight calsoes 1 - 35 
of sample 
7677 10100 00001 00001 10010 11010 11111 11100 
7677 10001 10000 00001 00010 01010 01110 11110 
7633 10000 10000 00011 01010 01001 00000 10100 
Table 4.3.10 Intraspecific variation in Lupinus elogans 
Accession number Score in molecular' weight classes 1 - 35 
of sample 
7619 01000 00000 00100 10000 10000 11011 10100 
7689 01000 00000 01001 10010 10000 01011 10100 
7511 00110 00101 00000 10010 01110 00011 11000 
Table 4.3.11 Intraspecific variation in Lupinus hartwogii 
Accession number Score in molecular weight classes 1 - 35 
of sample 	 - 
76127 	 01000 00000 11010 10110 10000 00010 10110 
7520 	 00100 00000 00010 00101 11100 10011 10111 
M. 
Table 4.3.12 Intraspecific variation in Lupinus mutabilis 
Accession number Score in molecular weight classes 1 - 35 
of sample 
76152 01000 00001 10011 01011 01011 01101 01000 
7692 11001 01001 10011 01111 01111 01101 01000 
7644 01100 10001 10011 11011 01011 01101 01000 
7628 01100 10001 10011 11011 01001 01101 01000 
7699 01000 10001 10011 01011 01010 00111 10000 
7655 01100 10001 10011 11011 01011 00101 01000 
76109 11101 10011 10010 11011 01001 00001 00100 
76130 11101 10011 10010 11011 01010 00001 01001 
7655 11101 10011 10010 11011 01010 00001 01001 
7694 11101 10011 10010 11011 01001 00001 00100 
76151 11101 10011 10010 11011 01010 00001 01001 
7513 11101 10011 10010 11010 11000 10000 11011 
7525 11101 10011 10010 11011 01010 00001 01001 
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Table 4.3.13 Intraspecific variation in Lupinus 
angustifolius 
Accession number Score in molecular weight classes 1 - 35 
of sample 
7671 00000 00100 10010 11011 10001 00111 10111 
7615 00000 00010 10010 01001 11001 10111 10111 
7625 00000 00100 00100 11001 10001 00001 10110 
76124 00000 00101 00100 10001 10001 00001 10110 
7612 00000 01000 10011 01001 11001 00001 10110 
7643 00000 01001 00100 10001 11001 00011 01011 
7611 00010 10000 01001 00001 01100 0001.1 01010 
7616 00010 10000 01001 00011 00100 00001 10100 
7667 00010 00000 01000 10000 10100 00111 00100 
76137 00010 10000 01001 10001 10100 10110 10100 
7612 00000 10011 01101 10001 11010 10111 00110 
76138 00000 11100 00100 10011 00011 00111 10111 
76146 00000 11100 00100 10011 00011 00111 10111 
7660 00000 11011 01101 01010 10011 00011 01101 
7614 00001 00001 01101 01011 01110 10111 11010 
[*r 
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Table 4.3.14 Intraspecific variation in Lupinus albu 
Accession number 	Score in molecular weight classes 1 - 35 
of sample 
769 00000 10000 00110 11000 01100 10001 10010 
7675 00000 10000 00110 11001. 01101 11011 10010 
76131 00001 00001 11010 11010 10101 10001 10110 
76131 00001 00001 11010 11010 10101 10001 10110 
76141 00001 00011 10100 11010 01100 10011 00110 
7697 00000 00000 10011 10110 10010 10010 10100 
Table 4.3.15 Intraspecific variation in Lupinus luteus 
Accession number Score in molecular weight classes 1 - 35 
of sample 
7659 00000 00000 10110 11101 10001 10110 11010 
76142 00000 00000 10100 10100 10000 10110 11010 
7617 00000 00000 10100 10100 10000 10110 11010 
76145 00000 00000 10100 10101 01100 01010 01011 
7668 00000 00000 10100 10100 01000 00010 11010 
7643 00000 00000 10100 10100 01000 00010 11010 
7665 00101 00010 00010 00101 10110 00010 11110 
Table 4.3.16 Intraspecific variation in Lupinus hispanicus 
Accession number 	Score in molecular weight classes 1 - 35 
of sample 
7619 00000 00000 01010 11101 10101 00110 11001 
76143 00000 00100 11000 01110 10101 01011 00111 
7626 10000 10000 00001 01000 01101 10110 11110 
Table 4.3.17 Intraspecific variation in Lupinus pilosus 
Accession number Score in molecular weight classes 1 - 35 
of sample 
76149 00000 00001 00011 00111 00110 11110 10011 
76148 00000 00000 10011 00001 00110 10011 01011 
7666 00000 00000 10011 01101 00111 00111 11010 
76150 00000 00001 00011 01010 00110 10111 11011 
78150 00000 00001 00011 01010 00110 10111 11011 
767 00000 00000 11001 01101 10010 11001 00110 
Table 4.3.18 Intraspecific variation in Lupinus palaestinus 
Accession number Score in molecular weight classes 1 - 35 
of sample 
759 	 00000 00000 11010 00110 01001 10111 01011 
7630 	 00000 00010 01010 01100 10001 00110 10100 
Table 3.4.19 Intraspecific variation in Lupinus cosentinii 
Accession number Score in molecular weight classes 1 - 35 
of sample 
7622 00000 00001 01010 11000 10011 01011 10110 
7663 00000 00000 10110 01100 10010 11001 11110 
7624a 00000 00001 01011 11010 10110 00001 10110 
Table 4.3.20 Intraspecific variation in Lupinus digitatus 
Accession number 	Score in molecular weight classes 1 - 35 
of sample 
76125 	 00000 00000 11011 01100 11010 10011 10100 
76111 	 00000 00001 01001 01100 10111 10101 11111 
Table 4.3.21 Intraspecific variation in S partium junceum 
Accession number 	Score in molecular wei, ht classes 1 - 35 
of sample 
7613 	 00010 01011 00000 11001 00011 11100 10010 
771 	 00010 01010 00000 10001 00011 11100 10010 
771 	 10000 01010 00101 10001 10011 10100 01001 
Table 4.3.22 Intraspecific variation in Ulex europeus 
Accession number Score in molecular weight classes 1 - 35 
of sample 
773 10001 .00011 01011 00100 00011 01110 10000 
7826a 10000 10011 00100 01100 00001 01010 10000 
7826b 10010 10101 00001 00001 00001 11010 11001 
Table 4.3.23 Intraspecific variation in Laburnum 
anagyroi des 
Accession number 	Score in molecular weight classes 1 - 35 
of sample 
774 	 00000 00011 01000 10011 01011 10010 10100 
7829 	 00110 00010 11101 10111 01110 10001 01000 
Table 4.3.24 Intraspecific variation in Cytisu.s scoparius 
Accession number 	Score in molecular weight classes 1 - 35 
of sample 
7811 01000 10001 00000 10110 00001 01010 11100 
781 01000 10100 00000 10100 10001 00110 10000 
7825 01000 10000 00000 10100 10101 00111 10000 
776 00000 10101 00000 10100 00101 01110 10000 
785 10000 10000 10000 11011 01010 11101 10101 
785 10000 10000 00001 00110 01100 10111 10100 
a 
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Table 4.3.25 Intraspecific variation in Lupinus seed 
proteins 
Species 	% similarity * 



















Spartium junceum 76.6 
Ulex europeus 67.3 
Laburnum anagyroidea 60.0 
Cytisus scoparius 71.8 
* Average percentage similarity among samples within 
species. 
Table 4.3.26 Interspecific variation in seed proteins of 
Lupinus and Genisteae. 
Molecular weights as shownin Table 4.3.L. 
Sp. Species 	(accession score in molecular weight classes 	1-35 
No. number of sample) 
1 Lupinus arboraus 	(762) 00010 01000 00100 01100 00011 11011 01010 
2 L.latifolius 	(7653) 00100 01000 01001 01001 10000 00110 01010 
3 L.paniculatus 	(76126) 00100 01000 0010001100 10010 11011 10101 
4 L.succulentus 	(76162) 01100 00000 10011 01110 01100 10110 11010 
5 L.subcarnosus 	(7644) 01000 00001 00011 10111 01011 10110 10000 
6 L.spectabilis 	(7699) 01100 00101 00101 11111 01010 10110 10000 
7 L.ornatus 	(7684) 00010 10000 01101 11011 11101 11111 10101 
B L.leucophyllus 	(76159) 00001 00100 00110 01101 11101 11011 11111 
9 L.douglasii 	(76118) 10001 00000 01010 11110 10010 10111 01101 
10 L.albifrons 	(7639) 10001 00000 01000 11110 10010 10111 01101 
11 L.polyphyllus 	(7670) 10000 00001 00001 01010 01010 00000 10110 
12 L.arcticus 	(76117) 00100 00000 00001 10001 00011 11001 01100 
13 t..nootkatensis 	(7673) 10000 10000 00001 00010 01010 01110 11110 
14 L.elegans 	(7689) 01000 00000 01001 10010 10000 01011 10100 
15 L.perennis 	(7511) 10000 10000 01001 10010 01000 10011 00110 
16 L.chamissonis 	(76112) 00100 00100 00001 10001 10110 11011 10010 
17 L.densiflorus 	(76104) 00010 01000 11000 10011 01001 10101 00110 
18 L.aureus 	(758) 01100 00001 01001 10110 01011 01010 00111 
19 L.hartwegii 	(76127) 01000 00000 11010 10110 10000 00010 10110 
20 L.subvexus 	(76105) 10000 00100 01001 00010 01010 00010 10000 
21 L.pubescens 	(7681) 01000 00010 00010 10100 11001 01100 11101 
22 L.nuttallii 	(7634) 00100 01101 00100 01010 00010 01010 00111 
23 L.mutabilts 	(76109) 11101 10011 10010 11011 01001 00001 00100 
24 L.angustifolius 	(7667) 00010 00000 01000 10000 10100 00111 00100 
25 L.albus 	(76141) 00001 00011 10100 11010 01100 10011 00110 
26 L.luteus 	(7665) 00101 00010 00010 00101 10110 00010 11110 
27 L.hispanicus 	(7619) 00000 00000 01010 11101 10101 00110 11001 
28 L.polycarpus 	(786) 00010 01000 00000 00011 01011 01011 00100 
29 L.pilosus 	(7666) 00000 00000 10011 01101 00111 00111 11010 
30 L.palaestinus 	(759) 00000 00000 11010 00110 01001 10111 01011 
31 L.cosentinii 	(7663) 00000 00000 10110 01100 10010 11001 11110 
32 L.digitatus 	(76111) 00000 00001 01001 01100 10111 10101 11110 
33 Spartium junceun 	(7613) 00010 01011 00000 11001 00011 11100 10010 
34 Chamaespartium sagittale 	(7818) 00001 00011 00000 11001 00011 01100 00100 
35 Ulex europeus 	(7826) 10000 10011 00100 01100 00001 01010 10000 
36 Laburnum anagyroides 	(774) 10000 10011 00100 01100 00001 01010 10000 
37 L.alpinum 	(7828) 00100 00001 11011 10111 11101 10000 00000 
38 Robinja 	fertjljs 	(7710) 01010 10010 00101 00111 00000 01000 01001 
39 R.pseudacacia 	(7711) 01010 10011 00001 00101 00000 10001 00010 
40 Petteria ramentacea 	(7824) 01000 10010 01001 01010 10110 11010 00000 
41 Cytisus 	scoparius 	(776) 00000 10101 00000 10100 00101 01110 10000 
42 C.glabrescens 	(7812) 01001 00000 00001 01010 00010 01011 11000 
43 Chamaecytisss 	supini 	(7820) 10000 01010 00000 01000 11010 10101 10100 
44 C.ratisbonensis 	(7819) 10000 01000 00000 01000 10000 11101 10100 
45 C.rocheli 	(7821) 10000 01000 00000 01000 10000 11101 10000 
46 C.hirustus 	(7823) 10000 01000 00000 01000 10000 01101 10000 
47 C.purpureus 	(7818) 10000 10000 00000 01100 11000 00111 11100 
48 C.albus 	(7822) 10011 10000 00000 11010 11000 10101 10001 
49 Genista cinerea 	(782) 00010 00100 10011 11110 11011 10101 10100 
50 G.anglica 	(7810) 00000 10001 00001 00100 11001 11001 10100 
51 G.radiata 	(7830) 10100 01010 00001 10101 01011 01001 10100 
52 G.pilosa 	(7831) 00010 10001 10000 01010 10101 11011 10100 
53 G.monosperrna 	(789) 00000 10001 00100 01011 00101 11111 10100 




51 60 97 
45 42 51 
54 51 54 
54 45 54 
65 4560 
62 42 62 
57 60 45 
62 42 51 




57 80 60 
57 62 65 65 
60 71 62 74 74 
48 54 74 57 68 60 
48 54 62 51 57 71 48 
48 65 62 62 68 65 54 54 




























Table 4.3.27 Percentage similarity between species. 
Species are numbered as in Table 4.3.26. Percentage 





3 74 57 
4 51 62 48 
5 48 48 45 68 
6 48 54 57 68 
7 48 48 57 45 
8 62 45 65 54 
9 54 54 62 51 
10 57 51 65 54 
11 51 57 54 60 
12 65 60 62 45 
13 54 60 51 62 
14 48 60 62 51 
15 51 57 48 54 
18 57 62 65 54 
17 57 57 42 48 
18 51 51 54 54 
1234 
Species No. 
Table 4.3.27 (contd) 
VOMAI 
Sp. 	 - 
No. 
19 45 57 54 65 
20 48 60 51 57 
21 45 45 54 54 
22 65 60 74 45 
23 31 37 34 45 
24 54 65 57 45 
25 54 42 51 57 
26 51 62 60 60 
27 51 68 54 60 
28 71 54 62 40 
29 65 65 51 74 
30 62 57 48 71 
31 74 51 77 60 
32 62 62 60 60 
33 68 57 54 42 
34 54 54 51 34 
35 65 48 62 45 
36 48 48 51 45 
1234 
apecies No. 
%Similar. I. ty 
62 51 45 48 62 60 60 
65 65 48 40 54 51 80 
62 45 51 60 57 60 48 
42 60 42 51 48 51 68 
54 48 42 40 48 51 57 
48 42 65 45 65 62 47 
48 54 54 57 54 57 62 
57 45 34 65 57 60 54 
62 51 62 65 68 65 42 
60 48 60 51 48 51 62 
65 54 48 62 54 57 57 
62 45 51 60 68 65 48 
45 45 45 71 62 65 60 
57 51 57 60 62 60 65 
62 57 51 42 40 42 60 
60 54 48 45 54 57 62 
54 54 48 51 42 45 62 
77 65 60 45 54 51 68 
5 6 789 10 11 
45 57 80 65 54 60 
54 77 71 74 62 51 
57 57 62 42 42 48 
54 60 54 51 51 45 
54 42 48 57 34 57 
60 54 77 68 62 68 
48 48 54 68 51 62 
57 57 51 42 65 37 
51 45 57 42 54 46 
71 65 65 62 57 74 
60 60 48 45 62 51 
51 57 51 6542 71 
62 57 57 48 60 46 
62 57 57 54 60 54 
62 51 45 42 60 65 
71 5454 45 51 57 
48 60 54 51 45 34 
65 60 65 68 57 68 
12 13 14 15. 16 17 




37 37 54 40 62 
38 57 51 48 48 
39 60 54 45 51 
40 54 60 57 57 
41 54 48 51 51 
42 65 60 62 62 
43 57 57 71 48 
44 62 62 77 48 
45 65 65 74 51 
46 62 68 71 48 
47 57 62 65 60 
48 45 45 54 48 
49 51 40 54 60 
50 57 45 65 48 
51 54 48 62 40 
52 60 42 62 51 
53 60 48 62 51 
54 51 51 54 48 
1234 
Species No. 
% Simi1a 'i t V 
71 60 54 45 48 45 51 
51 51 51 42 40 42 48 
60 54 42 40 37 40 57 
54 54 60 40 54 51 57 
65 60 54 51 42 45 51 
60 60 48 51 60 62 68 
51 51 51 48 62 65 71 
45 45 57 54 62 65 65 
48 48 54 51 60 62 62 
45 45 51 48 57 60 65 
51 51 57 60 68 71 65 
51 51 68 48 68 71 60 
68 62 62 54 62 65 60 
62 51 62 60 45 48 65 
60 54 48 45 42 45 62 
48 42 71 57 48 51 57 
60 60 77 62 48 51 57 
62 51 68 54 45 48 60 
5 6 789 10 11 
60 37 54 57 57 62 
57 57 57 48 42 42 
60 48 54 62 47 57 
54 60 71 62 62 40 
54 60 60 51 62 45 
65 71 77 57 62 40 
57 62 57 60 54 60 
62 62 68 60 60 60 
60 60 55 57 62 57 
57 62 68 54 60 54 
51 74 62 65 48 48 
45 57 57 65 48 60 
57 51 57 54 54 65 
68 62 68 65 60 54 
77 60 60 57 62 57 
54 54 65 57 57 57 
60 60 60 57 57 57 
62 68 68 60 60 60 
12 13 14 15 16 17 
Table 4.3.27 (contd) 
Sp. % Similarity 
No. 
19 65 
20 62 62 
21 60 65 45 
22 68 51 60 49 
23 51 51 42 51 42 
24 51 68 60 57 48 42 
25 51 57 48 40 60 65 60 
26 48 65 51 60 51 45 57 51 
27 48 65 51 71 40 40 68 40 65 
28 62 51 65 51 65 54 65 54 51 45 
29 45 57 54 51 42 42 54 48 68 74 54 
30 60 65 57 60 45 45 57 57 48 65 57 68 
31 42 65 45 60 57 40 51 57 65 54 51 68 60 
32 54 54 51 '54 45 34 62 51 60 65 45 74 60 71 
33 48 42 45 54 57 45 51 51 48 54 62 57 42 54 60 
34 57 45 48 62 60 62 65 60 60 57 57 .54 40 51 57 80 
35 51 51 60 57 60 54 48 54 51 57 54 54 45 57 51 62 65 
36 68 62 71 57 54 60 60 65 57 57 71 48 57 45 57 68 71 60 
18 19 20 21 22 23 24 25 26 27 28 29 30 31.32.33 34 35 
Speciea No. 
Table 4.3.27 (c4 )fltl 1) 
Sp. 
No. 
37 62 62 54 51 37 60 
38 54 48 51 60 51 45 
39 51 51 48 45 42 54 
40 57 57 65 45 54 42 
41 57 57 60 62 54 42 
42 57 57 71 51 60 48 
43 37 48 62 60 51 51 
44 37 54 57 60 57 45 
45 34 51 60 57 54 42 
46 37 54 62 60 57 45 
47 42 60 62 65 45 51 
48 37 48 57 54 40 57 
49 48 60 57 60 40 51 
50 60 54 57 65 45 51 
51 62 45 60 62 48 60 
52 45 57 48 45 54 54 
53 45 45 48 45 60 .54 
54 54 54 57 54 57 57 
18 19 20 21 22 23 
Species No. 
% Sitnilarit: f 
54 54 51 62 48 54 
45 40 48 48 57 45 
54 54 51 40 54 54 
60 54 51 51 54 48 
65 48 51 68 54 60 
54 54 57 51 65 65 
62 57 54 48 62 51 
68 51 48 54 62 51 
65 48 45 57 60 54 
68 45 48 80 62 57 
68 51 60 65 51 62 
62 57 57 54 51 40 
57 51 52 51 57 62 
57 51 48 48 62 61 
48 42 57 45 71 54 
65 65 45 51 65 54 
60 65 54 57 65 60 
68 57 54 60 74 62 
24 25 26 27 28 29 
62 45 57 45 48 42 
48 48 37 48 51 62 
51 51 57 62 54 60 
45 51 57 51 54 60 
51 45 57 62 65 77 
51 62 57 51 60 60 
48 65 65 65 62 57 
48 71 65 65 62 62 
51 68 62 68 60 65 
48 65 60 65 62 68 
60 65 65 42 51 68 
54 48 48 54 51 51 
60 65 65 54 51 40 
54 65 71 54 57 68 
40 51 51 62 65 60 
51, 62 82 57 54 65 
51 57 62 62 65 71 
54 48 60.60 68 68 
30 31 32 33 34 35 
Table 4.3.27 (contd) 
Sp. 	 % Similarity 
No. 
37. 65 
38 45 45 
39 54 54 74 
40 60 54 62 60 
41 60 54 51 54 54• 
42 54 37 62 54 71 54 
43 62 40 37 51 57 45 57 
44 51 40 42 51 57 57 62 88 
45 48 42 45 54 60 60 65 85 97 
46 45 40 48 51 51 62 68 82 94 97 
47 51 40 48 51 51 62 62 77 77 74 77 
48 51 45 48 51 51 51 57 71 71 74 71 71 
49 57 62 37 45 45 51 51 65 60 57 54 60 65 
50 62 62 54 68 57 68 57 65 71 68 65 71 60 65 
51 65 54 51 54 42 54 54 68 62 60 62 57 45 57 68 
52 60 54 45 54 65 65 60 57 68 65 62 62 62 62 74 42 
53 65 48 51 54 60 71 60 57 68 65 62 62 57 51 68 48 82 
54 68 51 54 57 57 80 62 54 65 62 65 65 54 48 71 57 80 91 
36 37 38 39 40 41 42 43 44 45 46 47 48 48 50 51 52 53 
Speclea No. 
W. 
Figure 4.3.13 Dendogram of Lupinus and Genisteae on the basis 
of seed proteins. 
% SimUarity 
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4.4 Discussion of results 
4.4.1 Comments on methods 
The numerical methods of assessing the results have to 
be balanced by an examination of the gels shown in the 
photographs. The numerical method tends to underestimate 
the similarity as it is a hit or miss method, that is, 
bands are scored as being similar or different, there are 
no grades of difference. 
Any error in the measurement of the distance travelled 
by the protein bands could radically alter the estimation 
of the molecular weights, for example, in the region of 
molecular weights 60,000 to 80,000 an error of 0.5mm in 
measuring the distance travelled be the protein could alter 
its calculated molecular weight by 1,000 to 2,000 units. 
Errors of this kind would also lower the similarity 
estimates. This second effect is counteracted to some 
extent however by grouping the protein bands into molecular 
weight classes. 
On the other hand the similartty percentages are raised 
by the statistical effect of counting absence of a protein 
band as a positive correlation. This is especially true in 
the intraspecific calculations of similarity as a number of 
molecular weight classes are redundant. 
Since it is believed by the author that these effects 
described above operate more or less uniformly throughout 
the obtaining of the results it Is believed that these 
effects do not invalidate the results. However it should be 
repeated that the results as shown in the photographs 
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should be considered alongside the numerical results. 
4.4.2 IntraspecifiC variability 
In Table 4.3.25 it can be seen that in all the species 
examined some degree of variability was shown, the greatest 
in L.polyphyllUs and the least in L.succulentus. In a 
number of instances it can be surmised that. the variability 
was magnified by a number of effects, for example, by 
lumping the two subspecies of L.hispanicus together. The 
similarity between samples of L.hispanicus sap hispanicus 
was 62% while the similarity of this subspecies to asp 
bicolor was 55%. The great variability in L.polyphyl].ua 
can possibly be attributed to the fact that many of the 
samples were garden varieties of the Russell Hybrid type 
This would suggest the general conclusion that great 
variability in the protein banding spectrum of a species 
could be evidence of hybridization or introgression. 
4.4.3 Interspecific variation 
In general however, taking into account the relative 
proportions of the protein bands as seen in Figures 4.3.1 
to 4.3.12, the variation within species was much less than 
that between species. For example the accessions of 
L.angustifOliUs Figures 4.3.2 and 4.3.4 are all similar to 
each other but in contrast, Figure 4.3.2 shows that the two 
accessions of L.angustifoliUs are very similar to each 
other but can easily be distinguished from the L.luteus 
accessions in the neighbouring gel slots. Similarly all 
the accessions of L.albus shown in Figure 4.3.3 are almost 
identical but when L.albus is compared with L.luteus or 
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L.hispanicua, Figure 4.3.4, it is seen to be very different 
from either of these two species and the same gel also 
shows that L.luteus and L.hiapanicus are similar but 
distinct. The seed proteins of the rough seeded species 
L.pilosus, L.palaestinus, L.digitatus and L.cosentirtii 
(Figure 4.3.1) seem to reflect the pattern of variation 
found in their morphological characteristics that is that 
there are small but dIstinct differences. 
A major conclusion therefore is that the Old World 
species each have distinct seed proteins as expressed be 
SDS polyacrylamide gel electrophoresis. 
Amongst the New world species, Figures 4.3.5 to 4.3.9, 
there seems to be less variation than among the Old World 
species, Figures 4.3.1 to 4.3.5, but despite this the 
differences between species are still greater than within 
species. Thus each species, with certain exceptions, can 
be distinguished on the basis of its seed proteins, for 
example Figure 4.3.5 shows that one accession received as 
L.subcarnosus was very distinct from the two other 
L.subcarnosus accessions in the neighbouring slots and on 
growing this accession it was found to be unlike 
Leubcarnosus although it could not be placed in its 
correct species. 
As mentioned above there areseveral exceptions to the 
rule that each species has a distinct protein banding 
pattern but in each case the protein similarities reflect 
the morphological similarities. Thus, for example 
L.arcticus and L.nootkatensia Figure 4.3.7, have almost 
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identical seed proteins this supports the suggestion by 
Dunn (1965a) that L.nootkatensis is derived from 
L.arcticus. Similarly L.albifrons and L.doug].asii Figure 
4.3.6, Figure 4.3.13 have identical seed proteins, and 
indeed they are often considered to be co-specific (Munz 
1959). 
4.4.4 Intergeneric variation 
As a consequence of the conclusions outlined above the 
final conclusion is that because the species banding 
patterns are so distinct no clear subgeneric groupings can 
be made. No single phenon line could be drawn through 
Figure 4.3.13 which would create groups to correlate with 
any group recognised on conventional taxonomic grounds. 
Likewise the range of variation in seed proteins 
encompassed within the genus Lupinus seems to be just as 
great as within the Genisteae as a whole so that no generic 
pattern can be discerned. This conclusion while agreeing 
with the conclusion of Nowicki and Prus-Glowacki (1971) 
from serological studies of lupin seed proteins does not 
agree with the results of Gillespie and Blagrove (1975) 
although it should be noted that Gillespie and Blagrove did 
not study any other genera. 
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5 SCANNING ELECTRON MICROSCOPY OF SEED COATS.. 
5.1 The features of the seed coat of lupin species have 
played an important and continuous part in the 
identification and classification of lupin species. Seed 
coat characters were first used by Bauhin (1651) when the 
species later to be called L.angustifolius L. was given the 
polynomial Lupinus sylvestris flore purpureo. comma 
rotundo-varo. Later, Agardh (1835) partially defined his 
Tribe Pilosi on the basis of the scabrid seed coat and 
since that time almost every key to Old World spocies 
including the most recent (Gladatones 1974) have relied on 
this feature to identify what are widely known as the rough 
"seeded lupine. Indeed it is possible to identify almost 
every Old World species from the seed alone, each species 
differing, from every other in the shape, texture and 
colouring of the seed. 
Despite being so widely referred to in keys and 
descriptions, the microscopic structures which gave rise to 
the observable features had not been investigated. 
Therefore it was decided to examine the seed coat structure 
by, scanning electron microscopy (SEM). Immediately after 
this experimental work had been performed however, Heyn and 
Herrnstadt (1977) published their results. 
5.2 Scanning electron microscopy 
The sources of the seeds used in this study are listed 
in Appendix I. In addition to the accessions illustrated.i' 








Whole or, in the case of large specimens, half seeds 
were glued (pva glue) on aluminium SEM stubs, spatter 
coated with gold and examined in the scanning electron 
microscope. 
5.3 Results 
Figures 5.3.1 to 5.3.30 show the electron micrographa 
obtained from the scanning electron microscope. Captions to 
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5,4 Discussion of results 
Preliminary examination of hand cut thin sections of 
L.rnutabilie (accession no.7513), a smooth seeded species 
and the rough seeded L.pilosus (accession no.76150) showed 
that they had the typical anatomy of legurninous seeds 
(Corner 1951). The section8 of both rough and smooth 
seeded lupine show the characteristic external palisade 
layer made up of maiphigian cells (macroeclerids) 
overlaying the again characteristic hypodermal hourg1acs 
cells, the main difference between the two species being 
that the cells of the palisade layer are much longer in 
L.pilosus than in L.mutabilis. The layer formed by these 
palisade cells in the rough seeded species was not 
continuous but was irregularly split towards the outside 
giving the effect of bundles of cells drawn together at 
their apex. The cones and ridges seen in the scanning 
electron micrographs are thus thought to be groups of these 
cells drawn together (Figure 5.3.5). 
In contrast to these cones and ridges which are 
detectable to the naked eye the features of the smooth 
seeded species only become apparent at higher 
magnifications. These features appear to derive from 
modifications to the end walls of the palisade cells, from 
ornamentation of the cell wall and from the laying down of 
amorphous material as a cuticle. 
Using these characteristics it is possible to identify 
five major groupings as follows: 
1 Rough seeded group 
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2 L.albus group 
3 Micro-tuberculate group 
4 Vesiculate tuberculate group 
5 Platelet group 
1 Rough seeded group 
The species involved in this group examined here are 
L.cosentinii, L.dlgitatus, L.pilosus and L.palaeatinus. In 
addition, seed samples of L.princei and L.atlanticus seen 
by me are visibly rough seeded and although the seeds of 
L,aonaliensig have not been seen it is believed that they 
too are rough (Gladstones 1974). 
The scanning electron micrographe of these rough seeded 
species, Figures 5.3.1, 5.3.2, 5.3.3, and 5.3.4, show that 
C the species are all similar with the cones and ridges 
formed by the fascicles of palisade layer cells. The group 
can however be divided mo two sub-groups, those with broad 
baoed shallow cones, namely L.coontinii and L.digitatus and 
those with narrower but higher cones, namely L.palaestinus 
and L.pilosus. 
To show the difference in scale of the structures 
between the rough and smooth seeded species L.palaestinus 
can be contrasted with L.albua, Figures 5.3.5 and 5.3.6 
respectively. The difference between thorn is remarkable 
especially considering that the magnification in Figure 
5.3.5 is still very much lower than in Figure 5.3.6. 
Figure 5.3.6 also shows a discontinuity in the radial 
cell walls making up the cones in L.palaestinus. This may 
correspond to the division between the lower columnar 
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stratum and upper rod-like stratum described by Corner 
(1951) from light microscopy studies. 
In L.cosentinii Figure 5.3.1 and L.piloeus Figure 
5.3.3, it can be seen that just below the tops of the 
projections and stretching between them, sometimes 
obscuring the features is a thin membrane. This membrane 
which can be found on all the rough seeded species is 
entire on seeds gathered when mature (but before the pods 
split). This membrane quickly breaks up, however, as the 
seeds are exposed to the air • The iridescent colours 
sometimes seen on the seeds of these species appears to be 
caused by thin film interference from this membrane. 
L.albus group 
This group consists of a single species L.albus. The 
surface of' the testa as shown in Figure 5.3.6. shows a fine 
rugose surface which is modelled into an irregular 
arrangement of ridges, pits and small tuborculea. 
Additionally over snail areas of the surface amorphous 
material masks the fine structure. In other examples 
observed but not illustrated hero the arrangement is more 
regular with the ridges predominating. This results in the 
scale like effect illustrated by Hoyn and Herrnstadt 
(1977). 
Micro-tuberculato group 
This group includes the Old World species 
L.angustifolius, L.lutoua and L.hiapanicus and the New 
World species L.aubcarnosus and L.heptaphyllus. 
The micro-tuberculi seen in the seed coats of the 
species are interpreted as the free extremities of the 
palisade layer cells. There are however considerable 
difference between the species in the degree of prominence 
of these micro-tuberculi, apparently arising from 
differences In the thickness of the radial cell walls and 
the degree of depression of the tangential cell wall. 
In L.anguatifoliva, Figures 5.3.7 and 5.3.8 the radial 
cell walls appear much thickened and there is little or no 
depression of the tangential wall so that the appearance of 
the seed coat surface is papillate. This form of seed coat 
is verilar to that observable in Figures 5.3.1 and 
5.3.2 on the apex of cone like structures of the rough 
seeded group and on the smooth area around the hilum in 
rough seeded species (not illustrated). 
In L..luteus Figure 5.3.9 and L.subcarnosus Figure 
5.3.12 the cello have a much more 'cratered' appearance 
where the radial cell walls appear to. project beyond the 
level of the tangential coil wall. In L,hispanicus Figures 
5.3.10 and 5.3.11 these radial walls appear to be very thin 
and on a much smaller scale so that the appearance is of a 
series of small ridges rising only slightly from the 
general surface level of the teata. Further the regular 
pattern of ridging is almost lost in L.hispanicus sap 
bicolor Figure 5,3.11. 
Although they can only just be discerned in the 
illustration of L.hispanicuissp hispanicus, figure 5.3.10 
the tuberculosities that can be felt on the seeds are due 
to undulations in the overall surface level of the seed 
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coat (Cf Figure 5.3.14) rather than to ultrasructural 
features. 
Vesiculate-tuberculate group 
This group consists of two New World Species 
L.densiflorus and L.subvexua. Their seed coat surface, 
Figures 5.3.14, 5.3.25 and 5.3.16 appears to be very 
different from any other lupin. Like L.hispanlcus asp 
hispanicus (Figure 5.3.10) the seeds are tuberculate and at 
the magnification shown this appears as gradual undulations 
of the seed coat surface. Scattered over this surface 
however are small vesicles which appear to be out growths 
from the otherwise smooth seed surface. The anatomical 
origin of these vesiclea could not be deciphered however. 
Platelet group 
This group contains all the New World species examined 
with the exception of L.subcarnosus, L.heptaphy11s, 
L.aubvexua and L.densiflorus. 
Although there are differences among the species in 
this group this variation seems to be almost continuous so 
all the species have been placed in this one group. 
Looking at a 'typical' member of this group 
L.mutabilis, Figure 5.3.18, the surface of the testa 
appears to consist of small scales made up of an amorphous 
material overlying a fibrous ornamentation of the end wall 
of the cells. This can be seen in greater detail in 
L.nanus figure 5.3.17 where an almost identical 
ultrastructure is shown at a higher magnification. 	In 
L.hartegii Figure 5.3.27 and L.leucophyllua Figure 5.3.25 
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this covering of scales obscures the palisade cell outlines 
but. they are more obvious in L.mutabilie Figure 5.3.18, 
L.arborous 5.3.19 and L.elegans 5.3.22. In other species 
the amorphous material increasingly covers the seed surface 
so that in species such as L.perennis Figure 5.3.20, 
L.polycarpus Figure 5.3.24 and L.ornatus Figure 5.3.24 the 
undelying fibrous ornamentation can only be seen at the 
larger gaps created at the cell boundaries 
There also seems to be a contrast between those species 
in which the ornamentation gradually slopes downward toward 
the call boundaries as in L.arboreus, Figure 5.3.19 and 
L.polycarpus,Figure 5.3.23 and in those species in which 
the surface is much more flat as in L.pubescens Figure 
5.3.22 and L.ornatua figure 5.3.24. 
Finally there is a group of species in which the 
ornamentaion is completely covered by a thick amorphous 
coating so that in L.nootkatensia figure 5.3.26, 
L.poiyphyllus Figure 5.3.28, L.arcticus Figure5.3.29 and 
L.succulentua Figure 5.3.30 the cell outlines cannot be 
seen. 
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6 CYTOLOGICAL AND HYBRIDIZATION STUDIES 
6.1 Cytological studies 
The Old and New World groups of Lupins show very 
different patterns in the distribution of chromosome 
numbers amongst their respective species. Almost all the 
New World species have a chromosome number of 2n = 48 
(Tuschnakowa 1935; Phillips 1957; Cox 1972b) with a few 
northern species having tetraploid populations (Taylor & 
Mulligan 1968). The only exceptions to this constan -6 are 
the South-Eastern United States species L.texensis and 
L.subcarnosus (Tuschnakowa 1935) where 2n=36. In contrast 
almost all Old World species have unique chromosome numbers 
as shown in Table 6.1 
Table 6.1 Chromosome numbers in Old World lupins. 
Species 	 Chromosome number (2n) 
	
Tuschnakowa Malbeiros Elehorn Gladstones 	Pazy et al. 
(1935) 	(1942) - 	(1949) 	(1955,1958) 	(1977) 
L.albus 	 50 	 50 	 50 	 50 
L.angustitolius 	40 	- 	40 	 40 	 40 
15 .micranthua 	50 	- - 	 - 	 52 
L.luteus 	 52 	 52 	 52 	 52 





32 	 32 
L.digitatus 	 36 
L.pilosum 	 42 
	
42 	 42 
L.palaestinus 	 42 
These differences in chromosome number are remarkable 
especially among the rough seeded species where there are 
very close morphological resemblances between the species. 
Thus, in the hope of a) verifying these counts, b) 
establishing counts for those species not yet examined and 
c) exploring the possibility of using chromosome morphology 
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to clarify species relationships, a cytological study of 
Old World lupin species was undertaken. 
6.1.1 Experimental 
All experiments were carried out using excised lateral 
roots of L.albus cv Neuland seedlings germinated on moist 
filter paper. 
Method 1. (after Phillips 1957) Aceto-carmine staining 
Pretreat root tips in 0.0002M 8-hydroxyquinoline for 
4-6hra at room temperature. 
Fix in alcohol:acetic acid 3:1. 
Macerate in iN HC1 for 10min at 600. 
Stain in aceto-carmine. 
Squash. 
Method 2. (after Snow 1963) Alcoholic-hydrochloric 
acid-carmine staining 
Pretreat root tips in 0.002M 8-hydroxyquinoline or 
0.125% colchicine 4-6hrs at room temperature. 
Fix in alcohol:acetic acid 3:1. 
Wash in 3 changes 70% alcohol,. lhr each change. 
Stain in alcoholic-hydrochloric acid carmine. Prepare 
by dissolving 4g carmine in 15m1 water, 1m1 conc. HC1 and 
boiling for 10min while stirring. Cool, add 95m1 85% 
alcohol, filter.) 
Rinse in 70% alcohol. 
Macerate in 45% acetic acid at 60c. 
Squash. 
Differentiate by gentle heating. 
Method 3. (after Marks 1973) Toluidine blue staining 
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Pretreat root tips in 0.002m 8-hydroxyquinoline or 
0.125% colchicine 4-6hraat room temperature. 
Macerate in 5M HC]., 15min at room temperature. 
Rinse in distilled water. 
Tease out root tip in drop of toluidine blue 0.05% in 
Mcllvaine buffer p1-I 4 (0.1M citric acid, 0.2M NalHPO4). 
When stain has fully penetrated squash. 
Method 4. (after Vosa 1971) Quinacrine fluorescence 
staining. 
Pretreat root tips in a saturated solution of 
para-dichioro benzene 4-6hrs at room temperature. 
Fix in alcohol:acétic acid 3:1. 
Squash in 60% acetic acid. 
Remove coveralip on dry ice. 
Stain for 5min in 05% quinacrine in absolute alcohol. 
Rinse in alcohol, air dry, mount in distilled water. 
6.1.2 Results 
With all the techniques attempted, separation of 
metaphase chromosomes was insufficient to enable reliable 
counts to be made. In addition the chromosomes were so 
small that even at the highest magnification (x 1,200) the 
morphology of individual chromosomes could not be resolved. 
6.1.3 Discussion of results 
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The difficulties of obtaining counts of chromosomes in 
Lupinus has been mentioned previously by Cox (1974) and in 
their paper on the Feulgen staining of root tips Sunderland 
and McLeish (1961) commented " The amount and concentration 
of D.N.A. 
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in the nuclei of Lupinus was in fact so low that the colour 
was almost undetectable by eye and only just within the 
limits of spectrophotometric measurement." Feulgen 
staining for this reason was not attempted and methods 
which had y3zlded chromosome counts previously were chosen 
(Phillips 1957; Snow 1963). However these methods did not 
give results either in terms of acheiving a good separation 
of the chromosomes or sufficient staining. 
Quinacrine fluorescence staining which makes available 
the superior resolution of ultraviolet microscopy was then 
tried and although the chromosomes stained well, again 
insufficient separation prevented counts being made. 
In an attempt to overcome this problem of "sticky" 
chromosomes the method of Marks (1973) was tried as it was 
developed specifically to meet this problem, thought to be 
the result of alcohol:acetic acid fixation methods. 
However, although its other recommending features were 
apparent.namely speed and intensity of staining, any 
improvement with regard to this "stickiness" problem was 
not noticeable. 
The results, or lack of them, obtained here suggest 
that the published chromosome counts 1, except perhaps the 
most recent in which photographic evidence has been 
produced (Pazy et al 1977), should not be uncritically 
accepted and indeed different counts for the same species 
have been reported, for example in L.albus L. as well as 
the accepted number of 2n=50, 2n=48 has also been reported 
(Savenko 1935) 
6.2 Hybridization studies 
There are two main reasons why a knowledge of the extent 
of gene flow in the genus Lupinus would be useful. Firstly 
hybridization studies have already shed some light on 
problem areas of lupin taxonomy and could possibly reveal 
more and secondly knowledge of the ability of species to 
cross in the genus would be useful to lupin breeders. As 
an introduction to the biosystematic studies described in 
this thesis we can look at these reasons in more detail. 
As mentioned in the introductory chapter, many of the 
problems in the taxonomy of the New World lupine have been 
attributed to the ease with which the species hybridize 
(Dunn 1957; Gladstones 1974). This situation has been 
contrasted with the Old World species where very profound 
species barriers are said to exist. However, the published 
experimental evidence reveals that while hybridization 
between New World species is more common than in Old World 
species the contrast is not so great as at first might 
seem. 
Introgreasion and hybridization have often been invoked 
to explain the occurrence of species with feature3 
intermediate between putative parents (Dunn 1965a) andmany 
herbarium specimens have been described as hybrid in origin 
(Dunn 1965b). However, in contrast to these speculations, 
experimental hybridizations show that many New World 
species are reproductively isolated (Kazimierski 1964) and 
even crosses between what are thought to be very closely 
related species for example L,subcarnosua and L.texensis 
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(Erbe 1957) L.bicoior and L.nanus (Dunn 1956) fail to 
produce hybrid seed far less viable or fertile offspring 
In general however it is true to say that many more 
successful hybridizations have been performed with New 
World lupine than with Old World species. No fertile 
progeny from a cross between Old tlorld species has ever 
been reported and only two crosses L.hiapanicus x L.luteus 
(Lamberts 1956) and L.pllosus x L.palaestinus (Kazimieraki 
1964) have ever yelided viable offspring. Indeed ability 
to exchange genes in Old World lupine has been taken as 
clear evidence of co-spocifity between the lupine under 
examination, for example in the case of the wild and 
cultivated types of L.a].bus (Kazimierski 1963, 1964) and 
L.angustifolius (Mikolajczk 1963; Gladstones 1974). 
Considering the second reason for studying the 
biosystematica of Lupinus, one of the problems that lupin 
crop yn)broeders may face is that a "stalemate" may be 
reached in the exploitation of the lupine currently being 
cultivated (Kreas 1964) and thus new genetic resources 
would have to be explored. Although Kresa's veiw is not 
generally accepted (Gladetones 1970) as most lupine are 
still only in the initial phase of domestication, there are 
still several wild species whose characteristics could be 
useful in breeding programmes (Nowacki 1961). 
Thus as part of taxonomic studies undertaken for thi&. 
thesis, a number of crossing experiments were carried out 
on Lupinus species. 
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6.2.2 Biosystematic experiments 
6.2.2.1 Self compati,bi1ity in lupine 
To assess their degree of self conpatability, plants of 
L.albus, L.angustifolius, L.luteus, L.mutabilia. and 
L.pilosua were maintained in the greenhouse and twenty 
flowers of each species were treated as follows: 
Female parent emasculated, pollen transferred from other 
plants of same species by brush 
Flowers tripped by pushing finger between banner and 
wings. 
Flowers l€ft undisturbed. 
In each case the flowers were subsequently enclosed in 
sags made from lens tissue to avoid pollination by insects. 
The results of this experiment are shown in Table 6.2.1 
Table 6.2.1 Self compatj;bility in Lupinus 
Species 	 % of flowers producing seeds 
Flowers 	Flowers 	Flowers 
outcrossed tripped 	undisturbed 
L.angustifolius 0 0 80 
L.luteus 0 0 45 
L.albus 35 95 40 
L,mutabilis 10 70 20 
L.oilosus 0 75 15 
6.2.2.2 Interspecific crossing in Lupinus 
The interspecific crosses shown in Table 6.2.2 were 
made using the method of Dunn (1956): 
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Unopened flowers, before anthesie, were prepared as 
female parents by stripping flowers of their petals, except 
the banner, and removing the anthers. The stigma was 
capped withc fine glass capillary tube sealed at one end. 
When the banner reflexed, indicating that the stigma was 
receptive, the capillary tube was removed, the pollen from 
the male parent applied with a fine brush and the capillary 
tube replaced. Pollination was repeated on three 
consecutive days to ensure "take". 
Table 8.2.2 Interspecific crossing in Lupinus 
Parents 	 Nö.of 	No.of pods 
Female male crosses formed 
L.pubescens L.elegans 9 1 
L.nanus L.hartweii 5 0 
L.nanus L.elegans 5 0 
L.pubescens L.nanus 6 1* 
L.polvcarus L.nanua 12 3* 
L.polyphyllus L.nanus 10 0 
L.piiosus L.angustifolius 12 0 
Notes: * pods abscissed after 1cm growtht7 
The crosses shown in Table 6.2.3 were performed using 
the method of C.Looker (Pors.commn.): 
Unopened flowers, beforeanthesis, were selected as 
female parents, the flower was slit along the mid ventral 
line and the anthers removed. When the flowers opened. 
pollen from the male parent was applied to the stigma using 
a fine brush on three consecutive days. Pollinated flowers 
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were covered with paper bags made from len8 tissue. 
Table. 6.2.3 Interspecific crosses with L.mutabilis 
Parents No.of pods 
Female Male crosses formed 
L.mutabilis . L.albus 8 	. 0 
L.albus L.mutabi].ia 7 0 
L.mutabilis L.luteua 6 1 
L.luteus L.mutabilis 6 0 
L.mutabilis L.polycarpus 11 0 
L.polycarpus L.mutabi].is 10 0 
L.succulentus L.mutabilia 4 
L.mutabilie L.succulentus 3 0 












6.2.3 Discussion of results 
Table .6.2.1 shows that all the species examined are self 
compatable, setting seed even when the flowers are not 
tripped. This ability to set seed in the absence of 
pollinators appears to be correlated with flower size as 
the species are arranged in Table 6.2.1 in ascending order 
of flower size, those of L.angustifolius being about two 
thirds the size of L.Diloaua.. This effect has also been 
found in the small flowered annual species of North America 
(Harding et a]. 174), indeed it has been found that the 
small flowered L.bicolor is pseudo—cleistogamous (Dunn 
1956). Nevertheless even in the largest flowered species 
tested here outcrossing was less successful than self 
fertilization. 
The results shown in Table 6.2.1 should however be 
treated with some caution as it is likely that the rates of 
outcrossing indicated may be artificially low as an effect 
of damaging the flowers during cross-pollination. In 
L.pilosus, for example, it is hard to believe that it is 
the least self compatible species (column 3) while at the 
same time not setting any seed when cross-pollinated 
(column 1). Gladatonga (1974) while finding that most of 
the European species are predominately self-fertilized has 
found evidence of outcroasing in L.lutous. 
The results shown in Table 6.2.2 confirm the known 
relationship between L.polycarpus (as L.micranthus Dougi 
non Guosone) and L.nanus'(Smith 1946; Dunn 1955). A 
relationship between t.nanus and the Mexican species 
L.pubescens is also suggested but neither these nor any 
further conclusions could really be justified due to the 
experimental conditions. Many of the flowers, all in some 
cases, dropped very soon after pollination for reasons 
thought to be due to experimental conditions rather than to 
any genetic relationships between the species. It seems 
likely that many of the flowers were affected by the 
pollination technique and, in contrast to plants grown 
outside, the plants appeared to succumb to a wide range of 
pathogens including Fusarium, Botrvtis, white fly and red 
spider mite in the greenhouse environment. 	It was thus 
decIded to concentrate on a species which was not so badly 
affected by the greenhouse conditions, L.mutabilis. 
L.mutabilis was also chosen as it had produced some progeny 
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from the outcrosaing experiment and because the pollination 
method used had been tried with this species (Looker 
Pers.commn.). Also, although L.mutabilis is of 
considerable economic importance, its relationship to other 
species is not clear. Of the crosses attempted hero only 
those with L.albus and L.luteus have been attempted before, 
without success (Brucker 1968). On the other hand it is 
known that L.mutabilis will hybridise with several florth 
and Central American species (Kazimieraki 1964; Nowacki 
1961). It has even been suggested that two of these 
species, L.ornatus and L.douglasii, were involved in its 
• evolution(Kazimiorski & iowacki 1961)- a statement which 
has been disputed (Dunn Pers.commn.). 
The one cross which appeared to produce seeds was in 
fact the result of the emasculation technique failing to 
prevent self fertilization. On growing the progeny of this 
cross it was found that they were pure L.mutabilis. 
Finally as the problems of disease and pests were never 
completely resolved there were considerable difficulties in 
maintaining large numbers of greenhouse grown plants. Thus 
as it was not possible to produce enough crosses to detect 
hybridization at a low level it was decided to abandon this 




7.1 Relationships among Old World Lupine 
The Old World lupine studied in the experimonts 
described in this thesis can be arranged into the 
classification shown below in Figure 7.1. This arrangement 
is based principally on the results obtained from the 
alkaloid studies (Figure 3.3.2) although L.hiapanicua has 
been included with L.luteus on the basis of the scanning 
electron microscopy and protein evidence. 
Figure 7.1 Informal classification of Old torld lupine. 
L • p ii os us 
L. palsestinus 
Rough seeded 	L.cosentinii 
L.digitatus 
I. • atlanticus 
Blue 	 L.angustifolius 
Yellow 	 L.luteus 
I. • hiapanicus 
White 	 L.albus 
This arrangement of the Old World lupine agrees for the 
most part with those of most recent authors. 
Kazimierski and Nowacki (1961) demonstrated that the 
Old World species could be separated along the lines of 
Agardh'a Tribes (Agardh 1835) on the basis of their major 




"white" and "blue" were equivalent to Agardh's Tribes 
Lutei, Pilosi, Albi and Angustfolii respectively, minus 
their New World species. Another section "perennial" was 
included containing L.somaliensis for which alkaloid was 
not determined. This species, although not available for 
this study, is in fact an annual and belongs, on 
morphological grounds, to the rough seeded lupins 
(Gladatones 1974). 	- 
The species referred to in Chapter 2 as L.micranthus was 
also not available for study. The most likely explanation 
for its being unobtainable seems to be that although it is 
widely distributed throughout the Mediterranean it is 
relatively rare (Gladstones 1974). However, the 
nomenclatural confusions surrounding this species may also 
contribute to the absence of this species from seed 
collections. All accessions recieved labelled as 
L.micranthus proved to be L.polycarpus Greene 
(=L.micranthus Dougl. non Gussone) and those labelled as 
L.hirsutus L., the most common synonym of L.micranthus, 
proved to be L.pilosua. 
Returning to the question of relationships within Old 
World species, crossing experiments have also shown a clear 
discontinuity between the groups. L. angustifolius, 
L.albus and L..luteus will not hybridize with each other 
(Jaranowaki 1958; Kazimieraki 1960, 1961) nor any of the 
rough seeded group (Kazimieraki 1964). Nowacki and 
Prus-Glowacki (1971) also showed that the groups were 
distinct using immuno-diffusion and immuno-electrophoresis 
of proteins as well as chromatography of phenolic 
compounds. The serological studies of Nowacki and Jawor8ki 
(1978) have also emphasised the differences between the Old 
World species. 
Taking each of the groups in turn,the relationships 
between the groups and at the species relationships within 
the groups as indicated by the results of this study can be 
examined. 
7.1.1 Rough seeded lupins 
Within the rough seeded group the alkaloid (Figure 
3.3.2), protein(Figures 4.3.1 and 4.3.2) and scanning 
electron microscopy (Figures 5.3.1 to 5.3.5) results 
support the morphological evidence (Gladatones 1974) that 
the species are very closely related. Indeed, in the group 
as a whole, there appears to be less variation with respect 
to these characteristics than in the 'smooth seeded groups 
consisting of a single species. 
Despite all the species being very similar 
morphologically, the rough seeded group can be tentatively 
divided into two sub-groups. The scanning electron 
microscopy results show that the two species from the 
Eastern ilediterranean. namely L.pilosus and L.palaeatinus 
differ from the African species in having much larger cone 
and ridge-like features on the seeds.' The protein results 
also suggest, although somewhat less convincingly, that 
these two species are more closely related to each other 
than to the African species. L.pilosus and L.palaestinus 
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are also the most similar norphologically (Gladetones 1974) 
and have the same chromosome number (Pazy et.al 1977). 
Additionally the published hybridization studies 
(Kazimioreki 1964), described in chapter 6, also can be 
interpreted to suggest these two sub-groups. In general 
however the protein results concur with the main conclusion 
from the hybridization (Kazimierski 1964) and ecological 
(Plittmann et a]. 1980) studies, that the rough seeded 
species are all effectively isolated despite the 
morphological and chemical similarities between the 
species. 
While in this work the rough seeded group has been given 
equal rank with each of the smooth seeded groups, Nowacki 
and Jarowski (1978) believe that the division between rough 
and smoothseeded species is the most fundamental within 
the genus. This contrasts with the view of American 
authors (Watson 1873; Piper 1906; SmIth 1946) who have 
divided the genus into subgenora on the basis of whether 
the cotyledons are fused or free. The evidence from this 
study is that while the alkaloid and scanning electron 
microscopy results certainly indicates that the differences 
between rough and smooth seeded species are great, the same 
evidence also suggests that the differences between the 
smooth seeded groups of the Old World are equally great. 
7.1.2 Blue lupina 
This group consists of a single species 
L.angustifolius. The results obtained by the alkaloid 
studies shown in Figure 3.2.2 do not reveal any differences 
between accessions named as "wild types" for example 
L.linifolius, L.apendrilon and L.cryptanthus and those 
received as L.angustifolius, including those named as 
cultivars. Similarly, the protein spectra of all the 
accessions tested shown in Figures 4.3.1 to 4.3.5 show a 
distinct species pattern although there is, as was found by 
Blagr'ove and Gillespie (1975), some variation among the 
accessions (Table 4.3.25). This conclusion that the Blue 
lupin group is an homogeneous one is supported by 
hybridization (Kazimieraki 1964), principal alkaloid 
component (Kazimieraki & Nowacki 1961) and serological 
(Wowacki & Prus Glowacki 1971) evidence. 
The evidence from the alkaloid results suggests the 
nearest Old World species to L.angustifolius is probably 
L.luteus and the scanning electron microscpe also shows 
that there may be some relationship. However the protein 
spectra of these two species are very distinct (Figure 
4.3.3) and morphological, cytological and hybridization 
studies (Gladstonos 1974; Kazimieraki 1964) agree that they 
are very distinct species. 
7.1.3 Yellow lupine 
Before looking at the relationship between L.luteus and 
L.hispanicus the relationship between the two subspecies of 
hispanicus should be considered. Both the alkaloid studies 
Figure 3.3.2 and scanning electron microscopy, Figures 
5.3.9, 5.3.10 and 5.3.11 indicate a very close relationship 
between the two subspecies so that the separation of sap 
bicolor as a distinct species, L.rothmaleri does not seem 
justified. Additionally, although experimental crosses 
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between the subspecies of L.hiapanicua have not yet been 
performed, evidence of hybridization in the wild has been 
found (Gladetones 1974). 
The conclusion that L.hispanicua should be included in 
the Yellow group is as stated above, based principally on 
the scanning electron microscope evidence. While the 
alkaloid studies show that the total range of alkaloids in 
the seeds of these two species is apparently different, 
Kazimierszki and 1owacki (1961) have shown that the major 
alkaloid in the two species is the same, namely lupinine. 
The seed protein banding patterns shown in Figures 4.3.4, 
4.3.7 and 4.3.17 and the dendogram derived from them, 
Figure 4.3.13, indicate that the seed proteins of the two 
species are similar, yet distinct. This conclusion was 
also. reached by Nowacki and Prus-Glowacki (1971) in their 
serological studies on these species. 
Biosystematic evidence also supports the conclusion that 
L.luteus and L.hiopanicua belong in the same group, 
Lamberts (1955) and Kazimieraki and Kazimierska (1965, 
1970) having shown that L.luteus and L.hisoanicus asp 
hispanicus (as L.rothmaleri) will hybridize, the progeny 
being viable, albeit sterile. 
7.1.4 White lupina 
All the accessions believed to belong to the white 
lupin group proved to e1ono a single species, L.albus. 
There was no evidence of a discontinuity in the variation 
either in the alkaloid, protein or scanning electron 
microscopy studies, for example in the alkaloid studies 
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accessions received as L.termis had identical alkaloids to 
accessions received as L.alk.u.s (Figure 3.3.2). However all 
the material received belonged, on morphological evidence, 
to the cultivated forms and no material proved to belong to 
the wild type forms variously named as L.graecua or 
L.juoslavicus so the claim that these forms only deserve, 
at best, varietal status (Gladstones 1974) could not be 
tested. 
L.albus, on the results obtained from the electron 
microscopy, protein olectrophoresis and alkaloid 
chromatography is, at least within the smooth seeded 
species, the most singular lupin within the Old World 
group. Its seed coat surface, Figure 5.3.6, appears to be 
unique, its protein banding patterns, Figures 4.3.3 and 
4.3.4 are also different from any other species and, while 
its alkaloids are not so different as those of the rough 
seeded group(Figure 3.3.2) they still have little in 
common with the other smooth seeded species. Serological 
studies have also shown that it is a very distinct species 
(Nowacki & Prus-Glowacki 1961; Nowacki & Jaworeki 1978) and 
all attempts to hybridize it with other species have failed 
Kazimieraki 1961, 1964). 
7.2 Relationships among New World lupine 
Although at the outset of this study it was decided 
that a detailed investigation of the taxonomy of the New 
World lupine was beyond the scope of this study some 
results have been obtained which have a bearing on this 
group. The scanning electron microscopy results show that 
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there is large group of species in which the seed coats are 
very similar, a result found by Hoyn and Herrrtstadt (1977), 
and, apart from the exceptions noted below, there is no 
apparent discontinuity between the North American and the 
Central and South American species tested. The South 
American Species L.puboscens and L.mutabilis and the 
Mexican species L.hartwogii and L.elegans are very similar 
to each other and to the North American species. It is 
particularly interesting to note that the ultrastructural 
features of the seed coat confirm the evidence from 
hybridization studies that L.rnutabilis appears to be very 
close to the North Amercan species L.ornatua (Nowacki 
1961). However I cannot agree with thecónclualons from 
this earlier study that L..mutabilis has evolvedas a crop 
plant from the hybridization of L.ornatus and L.douglasii 
(Kazimierski & Nowacki 1961). When grown for 
identification, these s:pecies were very dissimilar in 
appearance, L.mutabilis being the only lupin studied which 
was completely glabrous with a smooth, waxy bloom on the 
stems. It seems more likely to me, although no direct 
evidence was obtained, that L.mutabilis has evolved as a 
crop plant in South America from an ancestor which is still 
encompassed by the variation found within this species. In 
parallel to the situation found in L.albus whore the wild 
and cultivated types are considered as varieties 
(Gladstones 1974) several accessions received had wild type 
characteristics such as brown coloured seeds in contrast to 
the normal white colour. 
Returning to the interspecies relationships within the 
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New World there were a few species which did not belong to 
the large group of lupins which had similar seed coat 
surfaces. Firstly, the species, found to belong to the 
group described in this thesis as tuberculate—vesiculate, 
namely L.densiflorus and L.subvexus, were also the only two 
members of subgenus Platycarpos (Watson 1873) to be 
examined and it is interesting to speculate that all the 
members of this subgenus may be characterized in this way. 
The other New World species wich differed from the 
majority are also of interest, especially L.subcarnosus 
which as mentioned in Chapter 6 is, with L.texensis, the 
only New World species whose basic chromosome number is 
2n=36 (Tuechnakowa 1935) as opposed to 2n=48 for the 
remaining New World Species (Tuachnakowa 1935; Ph1lips 
1957; Cox 1972b). Thus, taking together the results from 
the scanning electron microscope for both the Old and New 
World lupina, it is possible that differences in the seed 
coat surface structures reflect major subgeneric groupings 
of species and thus deserve further study. 
7.3 The relationship between Old and New World species. 
In the last few years several papers have approached 
the question of the evolution of the Old World Lupins 
(Gladatortes 1974; Nowacki & Jaworaki 1978; Plitmann 1981) 
and have inovitably considered the question of the 
relationship between the Old and New World species. This 
contrasts, as discussed in Chapter 2, with the general 
history of the study of the genus where Old and New World 
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species have usually been considered separately. 
It is generally agreed by these authors that the rough 
seeded group must have diverged from the smooth seeded 
species at a very early stage in the evolution of the genus 
and consequently the division into rough and smooth seeded 
species is the most fundamental in the genus. However it 
may be possible that this view of lupin evolution is biased 
by the greater familiarity with Old World species that 
these Old World authors have. In contrast, New World 
authors (Watson 1873; Smith 1946), perhaps have not 
recognised this characteristic and have considered 
embryological characters, namely the degree of fusion in 
the dotyledo,ns, to divide the genus into subgenera. The 
South American Lupins while still poorly known also seem to 
show a very groat diversity of form. Herbarium specimens 
seen by the author in the Royal Botanic Gardens Herbarium 
Edinburgh show a remarkable range of diversity from tall 
unlfoliate species from Brazil to cushion forming alpines 
from the Southern Andes. Viewed in this light the emphasis 
on rough seedednesa as indicative of a fundamental split 
within the genus does not seem so easily justified. 
The evidence from this study which can be addressed to 
the question of the importance of rough seededneas in the 
evolution of the genus is ambiguous. The dendogram, Figure 
4.3.13, derived from the seed protein data does not show 
any clustering of the rough seeded species into a group 
distinct from the other species but it should be borne in 
mind that the general conclusion from this study is that 
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seed protein does not appear to be a conservative 
character, each species having a distinct protein spectrum. 
Despite the conlusiona drawn by Nowacki and Jaworski (1978) 
the serological evidence they present would cuggest that 
the smooth seeded species L.luteus and L.nanus are no more 
closely related to each other than each is to the rough 
seedod L.pilosus. 
The relationship between the Old and New World smooth 
seeded species has also not boon satisfactorily resolved. 
The same cytological, biosyatomatic and serological 
evidence described in section 7.1, showing that the Old 
World smooth seeded species arc only remotely related to 
each other, has also shown that they are equally remote 
from any Now World species. The evidence from electron 
microscopic studies here (Figures 5.3.9 an 5.3.12).and 
elsewhere (}feyn & Herrpstadt 1977) suggest a relationship 
between some New and Old World species. Several New World 
species also have the narrow leaved morphological trait of 
L.angustifolius and Zhukovaky (1929) even considered that 
the South American species L.linearis was so similar to 
L.angustifo1us that he suggested they may be con-specific 
Considering the various speculations on the origin of 
the Old World lupine those of Plitmann (1981) most closely 
coincide with those of myself, nancly that the Old world 
species groups yellow, white, blue and rough seeded 
represent different long range dispersal episodes from the 
New World centre of origin of the genus. Subsequent 
148 
geological and clImatic events have had very different 
effects on the Old and New World species. In the Old World 
reproductive isolation has apparently been promoted and, at 
least in the case of the rough seeded lupine, the species 
occurring today probably represent relicts from much larger 
species groups. 
In contrast, the New world species, while undergoing 
considerable diversification, have retained the potential 
to interbreed so that even geologically recent events such 
as glaciation episodes have given species normally 
eco-goographically separated the chance tomeet, introgress 
and produce new species (Dunn 1965). It is not possible at 
this stage to suggest whether the primary centre of lupin 
evolution is in the Northern or Southern hemisphere and the 
evidence from the electron microscopy study (Figures 5.3.17 
and 5.3.18) and from hybridization studies (Kazimierski 
1964) suggest that despite the geographical barriers 
between North and South America the species have remained 
genetically compatable and have been able to migrate 
between the two continents (Dunn 1971). 
7.4 Inter-generic relationships 
The results from the protein electrophoresis 
experiments, as described In Chapter 4, indicate that there 
is no clear generic pattern in Lupinus and that the range 
of variation found within lupins is as great as in all the 
genera examined when considered together. Thus no 
conclusions, on the basis of the results presented here, 
can be reached on the relationship of this genus to any 
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other studied here. Indeed, recent serological studies 
using seed proteins (Cristofolini & Chlapella 1977) have 
found that Lupinus is unlike any other members of the 
Genisteae and should be removed from that tribe. This had 	? 
been earlier suggested by Mutchinson (1964) and, as 
described by Plitmann (1981), the genus probably occupies 
an intermediate position between the Genisteae and the 
Thornops ideas. 
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Appendix 1. Seed accessions. 
The following list gives all the seed accessions 
received during the period of study . The institutions 
from whom seeds have been received are listed by their 
acronym as listed in Index Herborarium Ed.6. The 
exceptions are as follows: 
EU 	Edinburgh University, Department of Botany. 
FAO 	Food and Agricultural Organisation of the United 
Nations, Via Delle Terme Di Caraca].la, Rome, Italy. 
HAGO Hortus Agrobotanjcus, Universitas Scientiarum 
Agrarium, Godollo, Hungary. 
NLIM Institutos Nacionales de Salud, Instituto de 
Nutriclon, Jiron Tizon y Bueno No.276, Lima 11, Peru. 
POZN Plant Breeding Enterprise, Poznan, Palaéza 134, 
Poland. 
T&M 	Thomson & Morgan, Seed Merchants 
TAB 	Botanicka Zaharada, 390.33 Tabor CSSR. 
TIMO Botanic Garden of the Moscow Timirjazev 'Agricultura' 
Academy, Moscow A8, USSR 
USBE United States Department of Agriculture,' Agricultural 
Research Centre, Beltsville, Maryland 20705. 
USGD United states department of Agriculture, Plant 
Introduction Station, Glenn DMe, Maryland 20769. 
VOBD Agricultural Research Centre, The Volcanj Center, 
P.O.B. 6, Bet-Dagan, Israel. 
Other abbreviations used in the list are as follows: 




























Date of collection. 
Original source of seeds where known. 
Donating institution's reference number. 
Species Source Remarks 
L.aibus L. EU 
L.arboreus Sims EU 
L.polyphyllus Lindi. EU 
L.luteus L. K 
L.mutabiiis Sweet K 
L.angustifolius L. VOBD 
L.pilosus Murray VOBD 
L.aureus Benth. VOBD 
L.palaestinus Boiss. VOBD 
L.sp USGD 
L.perennis L. BR 
L.mutabilis Sw. BR 
L.cruckshanksii Hook. BR 
L.varius sap BR 	Det. 	L.angustifoiius L. 
erientalis Franco & Silva 
L.polyphyllus Lindl. 	BR 
L.pi].osus. Murray CANB Ref CPI 56979 
L.densiflorus Benth. CANB Ref CPI 55622 
L.elegans H.B.K. CANB Ref CPI 54749 
L..hartwegii Lindl. CANB Ref CPI 57786 
L.hispanicus Boise. CANB Ref CPI 58427 
ex Santa Marta, Spain 
7522 L.linifoiiue Roth CANB Det L.angustifolius L. 
ex Portugal 
7523 L.micranthus Dougi. CANB Ref CPI 53830 	Det. 
L.poiycarpus Greene 
7524 L.multiflorus Deer. CANB Ref CPI 25855 
7525 L.mutabilis Sw. CANB ornamental cultivar 
7526 L.nanusDougi. CANB Ref CPI 53832 
7527 L.succuientus Dougi. CANB Ref CPI 53340 
7528 L.sp CANB Ref CPI 53829 
7529 L.sp CANB Ref CPI 57404 
7530 L.princei Harms CANB Ref CPI 37925 
761 L.subcarnosus Hook. TEX ex Columbus, Texas 
Coil 1959 
762 L.arboreus Sims SBBG 
763 L.excubitus var haili SBBG 
763a L.albifrons Benth. SBBG 
764 L.succulentus Dougi. SBBG 
765 L.densifiorus Benth. SBBG 
766 L.latifolius Lindi. SBBG 
767 L.palaestinus Boise. VOBD 
768 L.pilosus Murray VOBD 
769 L.albus L. USBE P1 177456 
exTurkey 
7610 L.aibus L. 	cv hope USBE 
7611 I,..angustifolius 	L. USBE P1 384587a ex Morocco 
7612 L.angustifolius L. USBE P1 384600 	ex Morocco 
7613 L.angustifolius L. USBE P1 385080 	ex Spain 
7614 L.angustifolius L. USBE P1 385086 	ex Spain 
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7615 L.angustifolius L. USBE P1 38454 ex Portugal 
7616 L.anustifolius L. USBE P1 38455 ex Portugal 
7617 L.luteus L. USBE P1 385149 ex Spain 
7618 L.luteus L. USBE P1 384554 ex Portugal 
7619 L.hispanicus Boiss. USBE P1 385141 ex Spain 
7620 L.hispanicus Boiss. USBE P1 384554 
7621 L.cosentinii Guss. USBE P1 385001 ex Tunisia 
7622 L.cosentinii Guss. USBE P1 385125 ex Spain 
7623 L.cosentinhi Guss. USBE P1 384613 ex Morocco 
7624 L.atlanticus Gladstories USBE P1 384612 ex Morocco 
7625 L.linifolius Roth USBE Det L.angustifolius 
ex Spain 
7626 L.rothmaleri Klink. USBE Det L.hispanicus 
7627 L.hirsutus L. USBE 
7628 L.mutabilis Sw. USBE P1 295280 
7629 L.tricolor C.P.Sm. USBE P1 280823 ex Ecuador 
7630 L.palaestinua Boiss. USBE P1 2922413 
7631 L.polyphyllus Lindl. USBE Fl 289933 ex U.S.A 
7632 L.geophilus Greene USBE Fl 304143 ex Mexico 
7633 L.nootkatensis Donn USBE P1 277108 ex Iceland 
7634 L.nuttallii S.Wats. USBE 'ex 	U.S.A. 
7635 L.sp USBE Fl 262407 ex Mexico 
7636 L.sp USBE Fl 248471 
ex Belgian Congo 
7637 L.sp USBE Fl 241271 
ex California 
7638 L.sp USBE P1 306578 ex Mexico 
7639 L.sp USBE P1233552 ex Paraguay 
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7640 L.sp USBE P1 
7641 L.micranthUs Dougi. B Det J.po1ycarpus Gr. 
7642 L.polyphyllUa Lindi. B 
7643 L.angustifoliUs L. B - 
7644 L.subcarnOBUa Hook. B 
7645 L.mutabilie Sweet B 
7646 L.albus L. FAO Ref 3/,A77 t2 	fsvu 
7647 L.albus L 	cv. Neuland FAO Ref 32.467 ex Germany 
7648 L.albu8 L. 	cv. FAO Ref 33.631 ex Italy 
7649 L.luteus L. 	cv.Yellow .3 FAO Ref 33.503 
7650 L.sulphureus cv. Sulfa FAO Ref 33.504 Det 
L.luteus L. 
7651 L.luteus L. LZ Ref 892 
7652 L.elegane H.B.K. LZ Ref 890 
7653 L.latifolius Lindi LZ Ref 891 
7654 L.mutabilis Sweet RNG Ref 1972 
7655 L.pilosus Murray RNG Ref .CWL LH2N. 
ex Hungary 
7656 L.sp RNG ex Columbia 
7657 L.albus L. cv. Neuland RNG Ref LA23 
7658 L.luteus L. 	cv. Weiko III RNG Ref 1146 
7659 L.luteus L. 	cv. Refusa RNG Ref 1135 
7660 L.angustifolius L. RNG Ref LIV2u 
cv. Svator Borre 
7661 L.pilosus Murray RNG Ref CWL LH1A 
cv.Tapioszelei 
7662 L.pilosus Murray RNG Ref CWL LN1C 
7663 L.cosentinhi Guss. RNG Ref CWL LV1A 
7664 L.cosentinii Guss. RNG Ref CWL LC1A 
cv. 	W.A.Blue 
7665 L.mutabiiis Sweet RNG Ref LMB 
7666 L.piiosus Murray RNG Ref P20957 
7667 L.angustifoiius L. RNG Ref LN31 
cv. Unicrop 
7668 L.luteus L. HAGO 
7669 L.mutabilie Sweet HAGO 
7670 L.poiyphylius Lindi. HAGO 
767/ L.angustifoiius L. HAGO 
7672 L.albus L. HAGO 
7673 L.varius L. HAGO 
7674 L.a].bococcineus Greene TIMO 
7675 L.termis Forsk. TIMO Det L.albus L. 
7676 L.perennis L. TIMO 
7677 L.nutkatensis Scop TIMO 
7678 L.polyphyl].us Lindl. TIMO 
7679 L.affinis Ag. TIMO 
7680 L.subcarnosus Hook. TIMO 
7681 L.pubescens Benth TIMO 
7682 L.eiegans H.B.K. TIMO 
7683 L.bicoior Lindi. UBC 
7684 L.ornatus Dougl. STA 
7685 L.luteus L. STA 
7686 L.littoralis Dougi. STA 
7687 L.arcticus S.Wats. STA 
7688 L.subcarnosus Hook. STA Det L.sp. 
7689 L.elegans H.B.K. STA 
7690 L.arboreus Sims SHD 
7691 L.micropyllus Nutt. WTA Coil. 	1973 
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7692 L.hilarianus Benth. TAB ex S.America 
7693 L.ap NLIM ex Peru 	Coil 1976 
7694 L.mutabiiis Sweet NLIM ex Bolivia Coil 1975 
7695 L.sp 	 - NLIM ex Bolivia Coil 1976 
7696 L.mutabilis Sweet NLIM ex Peru 	Coil 1975 
7697 L.'aIbus L. NLIM 
7698 L.mutabiiis L.' Fl of acc.no .755 
7699 L.apectabilis Greene DAVH 
76100 L.poycarpue Greene DAVH Ref 1-45 
76101 L.pachyiobus Greene DAVH 
76102 L.affinis Ag. DAVH 
76103 L,bicolor Lindl. DAVH 
76104 L.densiflorus Benth DAVH 
76105 L.subvexus Greene DAVH 
76106 L.nanus Dougl. DAVH Ref G420 
76107 L.succulentus Dougi. DAVH 
76108 L.albus L. SI 
76109 L.mutabilis Sweet SI ex Peru 	Coil 1962 
76110 L.heptaphyllus Hass. Si. ex Argentina Coil 1971 
76111 L.digitatus Forsk, RNG. 
76112 L.chamissonis Eschsch. RNG 
76113 L.hilarianus Benth. RNG 
76114 L.rivularis Dougi. RNG 
76115 L.cocinnus Ag. RNG 
76116 L.bogotensis Benth RNG 
76117 L.arcticus S.Wats. RNG 
76118 L.dougiasii Lindi. RNG 
76119 L.hirsutissimus Benth RNG 
76120 L.paniculatus Desr. 
76121 L.truncatus Nutt. 
76122 L.nanus Dougi. 
76123 L.e1eans 	H.B.K. 
76124 L.apendrilion 
76125 L.digitatus Forsk. 
76126 L.kryptanthus 
76127 L.hartwegii 	Lindi. 
76128 L.succulentus Dougi. 
76129 L.paniculatus Desr. 
76130 L.mutabilis Sweet 
76131 L.termis Forsk. 
76132 L.albus 	L. 
cv. 	Kievsky mutant 
76133 L.albus 	L. RNG 
76134 L.albus L. 	cv. Kali RNG 
76135 L.albus L. 	cv. Neuland RNG 
76136 L.albus L. 	cv. Buttercup RNG 
76137 L.angustifoljus L. GAJ 
76138 L.angustifolius L. GAT 
cv. Edeiweiss 
76139 L.angustifoljus L. GAT 
cv. Rotbluhende von Merkel 
76140 L.angustifolius L. • GAT 
cv. Pflugs BlauLupin 
76141 L.albus 	L. GAT 
1 7-3- 
Det L.angustifolius L. 
Det L.angustifolius L. 
Det L.albus L. 
Ref CWL LA21 
Ref CWL LA1001 
F2 of 76132 
Ref CWL LA986 
Ref CWL LA182 




















76142 L.luteus L. 	 GAT 
76143 L.luteus L. 	cv. Sulfa 	GAT 
76144 L.luteus L. 	 GAT 
cv. Munchenberger Weiko III 
76145 L.luteus L. 	 GAT 
76146 I..hispanicucBoiss. & Reut GAT 
var bicolor Merino 
76147 L.varius L. 	 GAT 
76148 L.piloaus Murray 	 GAT 
cv. Bute Weiss 
76149 L.pilosus Murray 	 GAT 
76150 L.pilosus Murray 	 GAT 











Det L.cosentinii Guss 
ex Morocco 
Ref Lup39/74 
Ref Lupll/73 ex Crete 
Ref Lup38/75 
76151 L.mutabilis Sweet GAT Ref Lupll/75 
76152 L.mutabilis Sweet GAT Ref Lup65/74 
76153 L.mutabilis Sweet GAT Ref B203/74 	ex Peru 
76154 L.subcarnosus Hook. GAT Ref Lupl3/75 
76155 L.densiflorus Benth. GAT Ref Lup49/75 
var menziesii 	(Ag.) C.P.Smith ex California 
76156 L.hartwegii Lindi GAT Ref Lup 58/74 
76157 L.arboreus Sims GAT Ref Lup8l/75 
76158 L.polyphyllus Lind].. GAT Ref Lup82/73 
var grandifolius C.P.Smith ex California 
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76159 Lleucophyllu3 Dougi. 	GAT 
76160 L.nanua Dougi. 	 GAT 
76161 L.puboscons Benth. GAT 
76162 L.eucculontue Dougi. GAT 
771 Spartium junceum EU 
772 Colutea arborescens EU 
773 U].ex europeus L. EU 
774 Laburnum anagyroides i4ed. EU 
775 Piptanthus laburnifolius EU 
776 Cytisus scoparius (L.)LInkEU 
777 
778 Baptisia australis EU 
779 Galega officinalis EU 
7710 Robinia fertilis EU 
7711 Robinia psoudoacacia EU 
7712 C.scoparius 	(L.)Link EU 
781 C.scoparius 	(L.)Lirik LG 
782 Genista cinerea LG 
783 G.anglica LO 
784 G.radiata 	(L.)Scop. LG 
785 C.scoparius (L.)Link LG 
786 Lupinus hirsutus L LG 
787 L.angustifolius L. LG 
788 G.cinerea T&M 











7810 G.hispanica 	 T&M 
7811 C.acopariuB 	(L.)Link 
7812 C.1abreecene 
7813 C.a1b.is 	 T&1 
7814 L.subcarnosus Hook. 	B 
7815 L.polyphyllua Lindi. 	B 
7816 L.micranthua Dougi. 	B 	Det L.polycarnus Greene 
7817 Chamaespartlum sagittale (L.)P.Gibbs B 
7818 Chamaecvtisue purpureus (Scop.)Larn. B 
7819 C.ratisbonensis (Schaeff.)Rottb. B 
7820 C.aupinus (L.)Link 	B 
7821 C.rocheli 	(Wierzb.)Rothm. 	B 
7822 C.albus 	(Hacq.)Rothm. 	B 
7823 C.hirautus 	(L.)Link 	B 
7824 Petteria ramentacea (Sieb.)Presl. B 
7825 Cytisus scoparius (L.)LinkB 
7826 U.europeus L. 	 B 
7826a U.europeus L. 	 B 
7828 Labur'num alpinus Bercht 	B 
- & Presi. 
7829 L.anagyroides Med. 	B 
7830 G. 	radiata (L.)Scop. 	B 
7831 G.piloaa L. 	 B 
7832 G,tinctória L. 	 B 
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